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_! PREC_DINfiPACE BLANK NOT FILMED _

FOREWORD

This report documents the work performance by North

American Rockwell Corporation through its Space Division
in fulfillment of a Task Authorization entitled

"_:_ "Insulation Commonality Assessment," sponsored by the

National Aeronautics and Space Administration's

: George C. Marshall Space Flight Center, Huntsville,
Alabama. The work performed under Contract NAS7-200

_,,. in accordance with Task Authorization 2026-TA-48 by

• members of the Structural Systems, Flight Dynamics, and

D Manufacturing organizations of the Space Systems andApplications Division. Contributions to the efforts also

were made by the Division's Safety, Quality Assurance,

Reliability, and Laboratories and Test Organizations.

The period of performance extended from April 24, 1972,

through February 1,1973. The NASA Technlcal Monitor
was Dr. J.M. Stuckey, S&E-ASTN-MNM.

The report is printed in two volumes. Volume I contains

Sections 1.0 through 6.0 and Volume II contains Sections

7.0 through 16.0 and the appendix.
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TECHNICAL RE, ORT INDEX/ABSTRACT

I 1 I]
+[ IITL[: QI: _CICIJMI]_II' I-.II]RARY Ufil;'_ Oi'll-¥

iNSULATION COMMONALITY ASSESSMENT r'

........ C-J. SCHROEDER
C_ll-II': ORIGINATIN_ AGrNCY ANI_ OTHl%n t_OURi_tJ DOGUMI_.NT INLIMPll_,l_l

,qPACE DIVISION, NORTH AMERICAN ROCKWELL SD 72-$A-0157

QN085282 DOWNEY, CALIFORNIA 90242

i
I='lll_t|=l CATION OAT{/ CONTRACT Nl.IMn[_lq

FEBRIIARY 1973 NAS7-200 SUPPLEMENTAL AGREEMENT 2026 PAPA. II.E.

:: CRYOGENIC STORAGE SYSTEM
i_ CRYOGENIC TRANSFER SYSTEM

HIGH TEMPERATURE SYSTEM

!}

1

1_"; _i!" _'_s'" Ac'r
] THE INSULATION COMMONALITY ASSESSMENT STUDY WAS PERFORMED TO

CONSOLID&TE ALL THE DATA ASSOCIATED WITH INSULATION DESIGNS. THE
SCOPE OF THE STUDY WAS LIMITED TO THE DESIGNS ASSOCIATED WITH THE

S-II STAGE, S-II DERIVATIVES, AND TECHNOLOGY STUDIES. DATA WERE
GA£HERED FOR VARIOUS INSULATION DESIGNS AND ORGANIZED INTO A DESIGN
MANUAL FORMAT.

THIS REPORT CONTAINS THE RESULTS OF PHASE I OF A TWO-PHASE STUDY.
PHASE II PROPOSES TO PREPARE A REPORT SYNOPSIS ON DATA EXTRACTED
FROM APPROXIMATELY 30 NASA REPORTS AND REPORTS ON THE APOLLO HEAT

SHIELD ABLATOR.
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1.0 INTRODUCTION

The recent Apollo/Saturn space program gave rise to rapid technological
advancements in the field of rocket propulsion, especially as related to
the use of cryogenic propellants. These advances were paralleled by sig-
nificant accomplishments in the design andapplication of cryogenic insul-
ation materials and associated systems to support the cryogenic propulsion

systems. The insulation technology has been developed through contribu-
tions of the many NASA subcontractors in support of the Apollo/Saturn

program. Because different companies were involved, many different
designs and different materials were used in some instances to resolve

similar problems. It is the intent of this insulation commonality program

to minimize redundancy in future space programs and to assure selection of

an optimum design for a specific pplication.

_Ince the scone of this effort was very large, it was decided to do the

_rogram in two phases. Phase 1 would utilize only data available on
insulation systems and materials generated by NR on the Apollo/Saturn

: programs_ Phase II would utilize data supplied through studies conducted

'-" ,, by other companies under NASA-sponsored contracts, Apollo heat shield
ablator design and development reports and limited laboratory test program.

This report covers Phase I, the assembly and organization of all data on

insulation system materials and designs generated under the S-II, S-If

"_" _- derivatives, and S-If Advanced Technology Studies. A profile of the
Saturn S-If stage is shown in Figure I.i-i. Its location relative to

.... the Saturn V stacked configuration is shown in Figure 1.1-2. The Saturn

S-II stage is the second stage of the Saturn V vehicle and is located
between the S-IC and S-IVB stages. The S-IC provides thrust for the

first 150 seconds of boost and the S-If takes over for the next 390

seconds of boost. The insulation systems on the S-If must, therefore,

function through the total 540 seconds of boost. Areas on the S-If

stage requiring insulation were the LH2 tank (sidewall including forward
and aft skirt, and forward bulkhead), feed lines, common bulkhead, inter-

sta_e, LOX sump, and heat shield.

Studies, defined as S-If derivatives, were conducted to evaluate usage

of the S-If stage as a booster for missions other than Apollo. These

Included the Space Station, Reusable Nuclear Stage, and Space Tug.

Insulation designs for barriers over foam to protect insulation from the

effects of large protuberance heating conditions were studied. A Saturn
Intermediate-21 (INT-21) which utilized a polyimide erosion barrier

design is shown in Figure I.I-3.

S-If developed technology (S-If Advanced Technology Studies) also was
directed toward evaluating insulatlon systems for vehicles with long-

term In-orblt requirements, such as the Chemical Interorbital Shuttle

(Figure 1.1-4). These studies included evaluation of usage of multilayer
insulations (MLI) for boost and orbit protection of the LH 2 and LOX pro-

pellants for the orbiting vehicle. A speclal study under the technology

'i" program was performed to evaluate the usage of the NARSAM (a concept
consisting of embossed/slngle-slde aluminized Mylar without an inter-

vening spacer between layers) for the CIS insulation.
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LORBITER DROP TANK (MODIFIED)

, ._u,

Figure 1.1-4. CIS Vehicle Concept

Phase II, which has been negotiated wlth the NASA contracting officer

i'. representative, will expand the effort under Phase I to include data on

•:...... ablative materials studied by NR undo.r the Apollo program and information
• _.

-.' from approximately 30 NASA reports. These new data in combi_;ation with

_ the Phase I data will be reviewed, categorized, and compiled. Data

deficiencies will be defined and tests conducted as applicable to obtain

the required data.

_I I.i PHASE I REPORT DESCRIPTION

This report is an accumulation of information and data gleaned from the

documented reports issued on the S-II program and from inputs supplied

by persons directly involved on the program. Following the summary

(Section 2.0), the report is arranged in a sequence to cover the steps

a designer would follow in designing a specific insulation system.

Before consideration and commencement of design, guidelines must be

defined to determine how a d under what conditions the design must func-

tion. The guidelines that were used on the S-If program are presented

in Sections 3.0, 4.0, and 5.0 of the report. These cover the flight

criteria for the various S-II and S-II derivative missions, the environ-

mental criteria, and a definition of design requirements.

The specific insulation designs implemented on the S-II program, includ-

ing specific design details, problems, solutions, reliability, and manu-

facturing details, are described in Section 6.0.

_ectlons 7.n, ._.n, and q.n describe the thermal, structura], and

.'- dynamic methods of analvsds. The thermal section describes basic
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prlnciples of heat transfer, methods of heat transfer analysis, and some

practical applieations of these principles and methods in the design of
insulation systems and components. The structural analysis section

descrzbes methods of predlcLing stress eonditlons in tho _nsulatlon sys-

tems. The dynamics analys_s as related to the S-If derlvativo studios is

presented in the third section of the analysis group.

The remainin_ sections of the report - i0.0 through 18.0 - are associated with

material properties and processes for insulation systems and components,
i

reliability and safety considerations, test methods, design effectiveness, and
',_ applicable documents and references from which data in the report were obtnlned.

I 1.2 PHASE I REPORT USAGEThis report is primarily limited to information. It supplies, background
data on the various insulation materials and systems used on the

Saturn S-If and studied for S-If derivative and related technology studies.

It does provide a designer with a very comprehensive background on many

, insulation designs and their uses. If a designer has a particular struc-

ture on a space vehicle or booster vehicle that must be insulated he can

go to the report and determine if his requirements are comparable to

those given under the requirements section. He can then ge to the design

section and review the different designs and materials that have been

_o_, used, thereby getting some insight as to their application to his partic-
ular problem. The additional sections can be utilized to assist in con- r

ducting analyses of Insulation systems and to evaluate material and _-
process characteristics. Test methods also are described which can assist

a designer in determining the best technique for obtaining any desired

properties data of the selected materials.

An added feature of the report is a computer program containing more than

300 reports. Cross referencing provides the ability to select a report

based on a material or process specification, type of material, usage,

er commercial designation. A sample of the computer program printout is

presented along with a definition of how to obtain data from this program.
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2.0 _1_AR¥ r'

Th_s resort descrlbes the results of the Phase I portion of this study.
The document is In,ended to asSlng a desiRner in the sa3eatlon of an

Inmt!atlon system for a narticular app]Icaglon. Sections 3.0, 4.0, and

! 5.0 of the report summarize the requirements dais. Settles 3.0 (Flight

Criteria) sires a deflnltlon of the boost history of the Saturn V and

Skvlab m_sslons and the S=ll derived missions. Curves are presented
which show altitude, relative velocity, dynamic pressure, thrust-to-mass

ratio, all as a function of time, for a typical nominal Saturn V mission.

Curves are also presented comparln_ dynamic pressure versus mach number

and altitude versus relative velocity for the various,mlssions.

The remainin_ sections of the report - 10.0 through 18.0 - are associated

with material nrowertles and processes for insulation systems and

components, reliability and safety consideratlons, test methods, design

effectiveness, and applicable documents and references from which data

in the report were obtained.

,/ Sections 3.0, 4.0) and 5.0 of the report summarize the requirements ,

data. Section 3.0 (Flight Criteria) gives a definition of the boost

hlst :y of the Saturn V and Skylab missions and the S-II derived missions.
Curves are presented which show altitude, relative velocity, dynamic

pressure, thrust-to-mass ratio, all as a function of time, for a typical

nominal Saturn V mission. Curves are also presented comparing dynamic

pressure versus mach number and altitude versus relative velocity for the
....... various missions.

Section 4.0 (Environmental Criteria) describes the natural and induced

environments used for design. The natural environment includes wind,

wind shears and gusts, atmospheric density, pressure, temperature, solar

radiation, humidity, precipitation, salt spray, sand and dust, fungus,

ozone concentration, atmospheric electricity, and space. Curves and

tables concerning these environmental parameters are given. Induced
environments include (i) the ground environment as controlled for pro-

cessing, testing, ground firing, launch pad operations, and transpor-
tation; (2) the boost environment which is associated with venting and

inflow during boost, external pressure conditions (pressure distribution,

aerodynamic pressure, plume impingement pressure, fluctuation pressures,

base pressure), external heating (aerodynamic heating, separated flow

heating, plume heating), and external shear (aerodynamic shear, plume

impingement shear)| and (3) the earth-orbital environment made up of the

plume impingement environment) the external pressure environment, and
the external heating environment. Curves giving these various environ-

mental conditions as a function of related parameters such as time and

temperature are presented. I

Section 5.0 (Design Requirements) presents detailed design criteria used

for basic designs on the S-II and related studies. Data are included

which describe the insulation performance characteristics as related to

(i meeting specific requirements for the propellant systems, pressurizationsystems, and structural systems. Data on the interaction of the insula-
tion design and the environment, Ooth natural and induced are presented.
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ge¢_iou 6.0 (7usulatlon Design) do£1uao _he ln_¢l_tCn systems unad on
_he _a_urn g_II, _-II dorlva_Ivo, and Advanced Technology _udlon. The
typos of insulation systems and the particular vehicle whore those nys-

ccms were applied are oummarlz_d in Table 2.0_1. The systems are catc_
gorized into cryogenic storage, cryogenic transfer, high=temperature
protection, and other Insulatlon systems. Data in Secelou 6.0 are

presented £02 oath system on the basis o£:

a. Dcscrlp_ion

b. Application

c. Thermal performance

d. Structural performance

e. Materials and processes

-/' f. Manufacturing

' g. Quality assurance

h. Repair and maintenance

i. Reliability

J. Safety

k. Design effectiveness

Sketches and drawings are included which show system details and installed

configurations. Curves and tables are given to show performance and
functional characteristics.

;J

i:J: Thermal, structural and dynamic methods for basic insulation performance
analyses have been prepared and are presented in Sections 7.0, 8.0 and
9.0. Section 7.0 (Thermal Performance Analysis) discusses the modes of

heat transfer, conduction, radiation, and convection and gives equations
used to estimate the individual contributions of these modes to the

overall insulation thermal performance cnaracteristlcs. Data are

included which give the temperatures of the insulation at various loca-

tions on the S-If stage and heat leak rates and total accumulated heat

leaks to the LH 2 for the various trajectories.

Section 8.0 (Structural Performance Analysis) contains a discussion, with

equations, on methods of analyzing the structural characteristics of the

insulation systems. References are given for additional methods of

structural analyses.

2-2
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Tahlo 2.N_1. Innu],ntt,on Ryatnm Doncr!p_ion
i

-t
) ...........................

CryogonJc Storage
i

llollum PurRed0 Foam-Fll1_d llonoycomh l]-.l].-], - !_=I:!_o7 I,II? t_,Id(Jw_]]]

,, Bonded llonoycomb, No Fl]lor, Pursed _=i1-I = S=i.l=15 Common buJ, khead

I and Evacuated

_i_ lielium-Purgedp Foam=Filled, tloney = S=II-,I = S-il=? Forward ukJrt
'i_ comb Mechanically Attacht_d Over

Bonded Foam Blocks

Spray-On Foam S-II-6 - S_11-15 I;orward bulkhead,
cylt,ndcr No, 1 bolting

ring

j Spray-On Foam S-II-8 - S-/I-15 LIt 2 sidewall and
,. forward _kirt

' Pour Foam S-II-I - S-II-15 Closeouts, repairu

Pour Foam Blocks Plus Foam Blankets S-Ii-I - S-II-5 Cylinder No. 1 and

bolting ring

Cork Over Foam S-ll-O - S-II-15 S-II protuberance areas

"_ vicinity of f_ed lines,
f_ll lines, reclrcula-

tlon lines, systems

tunnel, ramps

Polylmide Erosion Barrier-- Expendable Second Stage Bolted over foam in

Mechanically Attached INT-21 protuberance regions

Multi-layer Insulation Flow-Through lOb-in, cryogenic test Complete clr_umference

Purge tank (NASA MSFC)

Multi-layer Insulation Flow-by Chemical lnterorbital LH 2 and LOX tunics

Purge Shuttle

Polyimlde'/Tltanlum Meteoroid Barrier Chemical In=erorbital Bolted over MLI on
Shuttle propellant tanks

Cryogenic Transfer

Vacuum Jacket S-II-I - S-II-15 LH 2 and LOX feed lines,
reclrcula_lon lines

Glass Fiber Batting--Tape Wrapped S-II-I LOX feed system_ollnes
and sump

Glass Fiber Batting Encased it, S-II-2 - S-II-15 LOX feed system--llnes
CRES Sheet and sump

Pour Foam S-II-I - S_II-15 !,H2 feed llm_s and

i' reeirculatlon lines

Spray-On Foam S-II-4 - S-I]-15 LH 2 feed lines and
reclrculation lines
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Table 2.0_I. Innul_t_oc Syntem _encrlpt_o. (Cent)

_yntom Vnhlcl_ I_ffo_tlVl_y Ar.a Ih_rnllt_d

H_ah_Tompara_uvo Pr_oc_&on

Rigid lloat Shield fi!W Honeycomb _1,i-1 _ f;=|[_15 flatle ar(_tl heat t_hh_!d

HRP tioneyc_.tb, alcoa pheno_l_ facing Orbl_a_ _|tJoetton Stahc, LMol) heat t)hl(_l,l
flheet, Stllea Mat Rigid Heat Shield IN_=2_

ltllP Honeycomb Core, _lago/Polyim&do Expendable Second S_tJge, Base nroa heal shield
_aein8 Shoots INT=21

Flexible neat Shtold=_Glaon Fabric S-_l-l, = S=t_°12, S°tt=14 Flexlblo heat shield
and Batting (engtnc aeoa)

Flegiblo Heat Shioldo-lligh Silica S-11-13 and S_11=15 Flex1610 heat _lhtcld
Fabric and Batting (engine area)

Cork to Metal S-ll-I - S-II-13 Aft skirt and
tntorotage

t

R_V Silicone Robber Coatina S_ll-i - S-II-5 lnterstag_ structural
frames

Ablativo Coating (gorotherm) S-ll_4 - S-II-15 Interstagu structuru

-,' Other Applications ,_

Cork, MLI, an_ F_bre'tsGlass/Silicone S-II-I - S-II-15, INT-21 Avionic equipment
Rosin Binder

Membrane Seal S-ll-i - S-II-15 Forward skirt forward
bulkhead closeout

,i

I
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£ac_ion 9.0 (Dyna_l_ Annlynin) prascn_a dlnaunalon of _ha anaSyaaa
conducted to da_ormln_ tha dVnam&_ ahara_tnr&nticn of protocOl're p_nala
bol_od or bon_e4 ovar the foam lnsu!a_lon. Rooul_r_ of analynnn of vat _
loun pan_! dlmorolonn, aden eond_t_onn, and frequency modnn are g_von.

Th_oo aoc_ono _ ]0.0. ll.O. and 12.0 = preoon_ da_a and flin_uoo_on,
on the tliet-_al and o_rue_ural properties of !nnula_$on mat_rtaln and
_ho mothodn o_ proeoso!a8 the matortal.s. Accumulation of data, ouch ao
compressive stvflngth, ultimate tonsils _trength, shear strength, mo_ulu_
of elasticity, thermal o_panaion characteristics, and thowal conductive
lty for the various insulat_on materials, are given. Data also are pro=
aented on the erosion rates c_ foam insulation a_ determined from X=15
flight tests. Procesoing parameters covering the chemical compound,
storage llfe, mixing, working llfe, application, and cure of the various
primers, adheslves, coatings, and other insulation ma_erlals are given.

Inputs on reliability, safety, test methods, and design effectiveness
are presented in Sections 13.0 through 16.0. The reliability contrlbu-
tion (Section 13.0) to the study included discussions on the use of
failure mode effect analysis (FMEA), gailure mode cause analysis (FMCA),
and success loglc as primary rellabillty analysis tools.

System Safety (Section 14.0) emphasizes such items as fabrication, ven-
tilation, training and certification, protective clothing and equipment,i_ ,

housekeeping, hazards analysls, fire protection, and electrical equip-
ment as considerations in safety analysis and prevention. A llst of
44 items on a design checklist for safety evaluation is included in this
section.

All test reports pertaining to the insulation designs identified in
Section 6.0 were lis_ed and retrieved. The various test methods used and
data in support of Sections i0.0 and 12.0 were extracted from the lab
reports. This information is accumulated in Section 15.0 (Test Methods).
This also gives a sample of a computer program which allows retrieval
of data from all the lab reports. Application class/chemical class,

,3 I_ material specification number, commercial designation, and ASTM
identification can be used as input parameters for retrieval.

i

Methods of evaluating various insulation designs and selecting an optimum
i insulation system, utilizing trade tables and appropriate trade factors,
_, was prepared and presented in Section 16.0 (Design Effectiveness). Curves

showing trade factors and value detemminations are included.

-I
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3.0 F]',!'C,ttT CRTT?..RTA

The fliBht critorla and trajectory data presented in tllls section are not

directly apglicable to insulation design but are included to show logic for

develonin_ the boost trajectory from the initial mission requirements. To

determine the _nsulation desIRn criteria, the traJ_;ctory data require further
aerodynamic a_d thermal analysis. Aerodynamic studies determine dynamic loads,

o pressure distributions, aerodynamic heating, and temperatures (see Section 4.0).

Subsequent thermal analyses determlne heating rates and the heat load from
the aerodynamic data.

The ability of an insulation system to protect structural elements and reduce

heat leak to cryogenic propellants is directly relateable to the boost

trajectory history. The boost heating will vary depending on the ascent

trajectory. A shallow rate of ascent, high-velocity profile will result in

higher heat inputs to a booster than a steep ascent trajectory. However,:

a steep ascent creates pressure and venting problems in the insulation
materials and various compartments. Once the mission requirements are defined,

a nominal trajectory can be generated and used to determine the mission

payload capability. Design trajectories are developed using acceptable
_ off-nominal performance of vehicle systems and atmospheric conditions.

Detailed trajectory data listings are referenced and not included in this
section. Instead, a design envelope is presented for use with S-If derived

nomlnal trajectories.

3.1 MISSION DESCRIPTION

To evaluate a vehicle's performance, the mission requirements must first be

defined. These requirements are defined as the orbital velocity needed at a

particular altitude. With respect to payload optimization and system con-
siderations, studies have shown that for interplanetary, lunar, and orbital

flights, it is usually most efficient to park in a low-altitude orbit and, at

the proper orbit location, to execute a Hohmann transfer and injection burn to
the mission final velocity.

A parking-orbit altitude of about i00 nautical miles has been found to be

optimum for most vehicle-mission combinations. Parking at lower altitudes

may provide greater payload capability, but heating, orbit lifetime, and
tracking become problems. For missions requiring orbit rendezvous, a parking
altitude between 200 and 300 nautical miles is usually found to be the optimum.

However, even for this mission, it is beneficial with some configurations to

park initially in a 100-nautical-mile orbit and then transfer to the rendezvous
orbit altitude.

3-1
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For the lunar mission the $-II reaches propellant depletion before the
90-nautical-mile parking orbit is achieved. The S-If stage will also be

used as the second stage, which is the terminal stage, for the Skylab I
mission. In this case, the S-ll engines will be _hut down when the
235-nautical-mile rendezvous orbital requirements are met. Because of these

greatly different mission requirements, the atmospheric boost, altitude, and

velocity profiles represent the extremes for all S-If missions studies to
date.

3.1.i Saturn V and Skylab I Missions

The Saturn V lunar orbit rendezvous operatlonal mission consists of the

followlng flight phases:

a. Launch and boost to 90-nautical-mile earth parking orbit. This phase

consists of complete burns of the S-IC and S-If stages and a partial

burn of the S-IVB stage.

__/ b. Coast in a circular parking orbit for up to three revolutions while
subsystem checkout is performed. First opportunity for injection

occurs during the seconO revo_u_io...

c. S-IVB stage relgnition and boost to tr_AsJunar _njection during one

of two injection opportunities from parking orbit.

d. Command-service module separatio:_ transposition, and docking with _

the lunar module/S-IVB, and CSM/LM ejection from the S-IVB/instrument
unit.

e. S-IV_ auxiliary propulsion system evasive maneuver to reduce the

probability of recontact with _he CSM/LM.

f. S-IVB LOX dump, _ropulsive H2 vent, and post-LOX-dump auxiliary
propulsion system burn after the evasive burn to cause the expended

S-IVB/IU to impdct the moon within a designated target area.

The Skylab I mission consists of the following flight phases:

a. Launch and boost to 235-nautlca1-mile earth orbit insertion, inclined

50 degrees. This phase consists of a complete burn of the S-IC stage

and a partial burn of the S-II stage.

b. Orbital coast with separation of the S-If stage and the payload in
orbit, a retrograde maneuver, a payload shroud Jettison, Apollo telescope

mount deployment, acquisition of solar inertial attitude, deployment of

ATM and workshop solar arrays, control moment gyro spinup, and activation

of the ATM pointing control system.

Mission profiles for these boost configurations are shown in Figures 3.1.1-1
and 3.1.1-2.

G
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!
3.1.2 S-II Derivative Missions c.

For most S-il derivative missions, emphasis was placed on payload capability
with a bare minimum insulation analyses. However, for the Saturn Intermediate -

21 (INT-21) vehicles the insulation analysis was more complete. Two different
m_ssions were studied for the INT-21 booster. In both cases the booster

con_ :ed of an S-IC first stage and an S-If final stage.

The INT-21 Space Station mission consists of the following flight phases:

a. Launch and boost to a 246-nautical-mile circular earth orbit, inclined

55 degrees to the equator.

b. Orbital coast with separation of the S-II stage and payload in orbit.

The INT-21 Space Base mission consists of the following flight phases:

a. Launch and boost to a 100 by 262-nautlcal-mile elliptical orbit,

_ inclined 30 degree s.

b. Orbital coast followed by a circularlzation burn to p]ace the payload
in a 262_nautlcal mile orbit.

3.2 NOMINAL BOOST TRAJECTORIES

<_ The mission payload capability of boost vehicles is determined by means of
nominal boost trajectories. These trajectories are computed using nominal

: or expected input values of booster system performance and flight envirorm,ent

for the primary launch date mission. Backup trajectories are computed (also

with nominal values) to cover the launch window and possible launch date

changes. Nominal boost profile data are used for the dynamic flutter analysis

of the externally mounted insulation material.
i

The analysis for performance evaluation involves two sets of parameters:

vehicle design and trajectory. The vehicle design parameters describe the

• physical characteristics of the vehicle such as weight, thrust, specific

impulse and drag variation. The trajectory parameters are divided into two
classes: one defines the mission requirements and the other defines the

required payload and on-orblt velocity requirements. Thus, the problem of

determining nominal vehicle performance involves manipulating a set of input

data defining the vehicle into a set of t_aJectory data which can accomplish
the mission.

During the first-stage portion of flight, a gravity turn or "zero angle of

attack" trajectory is used to reduce the aerodynamic forces acting on the

vehicle. Preliminary simulations of gravlty-turn trajectories are launched

vertically and programmed for zero pitch for a short period. This vertical

rise period depends on the initial thrust-to-weight ratio. After the vertlcal

rise, an artificial "klck-angle" (instantaneous rotation of the vehicle

centerllne and velocity vector), is given to initiate the gravity turn. The
f

i_ kick angle is used in trajectory calculations to represent the pitchover
period during actual flight before the gravity turn. The burnout flight path

angle and staging weight of the first stage are dependent on the magnitude o_

the kick angle.
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•
Following first stage burnout and a short staging coast p_riod, the S-If
engines are started. The iteraClve guidance mode (IGM) is initiated 20 to

30 seconds later (when the atmospheric effects can be neglected), and provides

steering commands for the remainder of booster flight. For most S-If appli-
cations, the center J-2 engine is shut down at 140 to 300 seconds after the

start command. Two-position S-II stage engine mixture ratio valves on each

engine are used to minimize residual propellant. These valves are, upon

command from the Instrument Unit computer, used to change the LOX/LH 2 flowrate
mixture ratios from 5.4 to 4.7. For Saturn V missions, nominal engine cutoff

_<i for end-boost is initiated by depletion sensors located in the LOX tank. For

:: Skylab I and other S-ll terminal stage applications_ engine cutoff is

commanded by the guidance system when desired orbital •conditions are reached.

Nominal boost trajectories to determine booster system performance are usually
computed using a three-degree-of-freedom (3-D) computer program. The 3-D

i=i
trajectory uses the mass of the booster concentrated at a single point, as it

,, applies the thrust to translate the mass through a three-dimensional space

reference over a rotating, oblate earth with atmospheric effects, The amount

of input data required are minimized by the 3-D method. For example, the

polnt-mass concept eliminates the need for center of gravity and moment of
inertia histories and also detailed aerodynamic characteristics. The

._.... performance capability of a booster system can be assessed quickly using the

expected (nominal) vehicle characteristics. Typical variation of some key _

trajectory parameters with time are shown in Figures 3.2.1-1 through 3.2.1-4. _'_

The profiles shown are for a Saturn V nominal boost trajectory, and may not

be representative of any other boost vehicle. More detailed trajectory

analysis can be made using a six-degree-of-freedom (6-D) program. For this

type, the vehicle's finite length mass is used and the booster rotational

history in addition to translation is computed. The 6-D program requires a
vast amount of detailed input data. Although the 3-D program does not produce

greatly detailed trajectory information, the payload and boost profiles closely
match the values obtained using a 6-D program. As a result, the 6-D

trajectory program is usually used only for final confi_uratlon analysis and

off-nomlnal performances.

3.2.2 Data for Flutter Analysis

The primary trajectory parameters used for the insulation flutter analysis

are Math number and dynamic pressure, Figure 3.2.2-1 displays the variation

of these parameters for the Saturn V/Apollo, Skylab I, and INT-21 missions
(References I, 2, and 3).

3.2.3 Orbital and Post-Orbltal Data

The insulation requirements in orbital and escape flight are determined using

a thermal analysis solsr heating program (see Section 7.0). This program

determines the sun angle with respect to:the spacecraft and time in the earth's

shadow. Orbital insertion data from the trajectory analysis are used as

input. G
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3.2.4 Mission Timelines

Following the boost phase, mission tlmelines are important from the standpoint
of plume impingement Of auxiliary propulsion and reaction control systems.

The duration and time between firings of these systems is determined in the

guidance and control analysis. The effect of hot gas impingement on the
insulation material must be considered.

3.3 DESIGN BOOST TRAJECTORIES

To be considered early in any preliminary design are the maximum anticipated

loads and heating parameters. Up to this point) only the nominal or expected

boost trajectories have been discussed. However, in a complex booster, each

system and subsystem has an acceptable operating band about its expected

nominal performance. It is these dispersions which are used to determine the

: aeroheating and loads design trajectories. Before the design trajectories

can be computed, however, many trajectories must be calculated to determine
the deviations caused by each separatc dispersion. Composite design trajec-

tories are then developed with the objective of maintaining specified

parameters at, or near, the three-sigma upper value.

f•f
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3.3.1 M_thod __

A disperBion source 18 defined as a variation from th_ expected (nominal)
value of a vehicle system ch_racteristie, g_ldanco characteristic, or _h_
flight environment. The occurrence of a dispersion source, or group of
dispersion sources, during flight causes the vchicl_ _raJoc_ory to doviat_
from the nominally defined conditions. The disp_stou sources specifically
defined for the Saturn V vehicle are assumed co bc independent and to include
the effects of all independent perturbatin8 characteristics. Therefore, the_e
sources are assumed to provide total envelopes for trajectory parameters.

Separate 6-V trajectories are generated for each sense, plus and minus, of
each individual dispersion source. TheSe trajectories are compared to the
nominal trajectory and deviations established for selected variables at
significant trajectory events or times. At these significant points (e.g.,
maximum dynamic pressure, S-IC outboard engine cutoff) individual deviations
of most trajectory parameters are accumulated by the root-sum-square (RSS)
method to yield statistical envelopes. These calculated three-sigma limits

_ exist only at the selected significant trajectory points. Consequently,
_ composite traJectoriesare now developed to provide a continuous time history

for the parameter of interest at the plus three-sigma upper value.

Composite trajectories for design purposes are generated by simultaneously

i,, introducing several perturbations into the boost simulation. Selection of
:I these perturbations is limited to the major contributors to the three-sigma [
_ envelope _: the significant control point. For example, the aerodynamic

-_ heating indicator (AHI) control point is usually taken at first stage end
boost_ and the dispersions of crosswind, atmospheric density, and first stage
weight (or c.g. displacement) are used. The resulting trajectory is adjusted,
if necessary, until it closely matches the upper three-slgma boundary. This
technique is used to develop design trajectories for aerodynamic heating,
dynamic pressure, and maximum acceleration.

3.3.2 Design Envelope for S-If Applications

From the brief methodology described, it can be seen that development of
design trajectories requires a considerable amount of manhours and computer
support time. Because of this cost, detailed off-nominal trajectories have
not been computed for S-II missions, other than the Saturn/Apollo and Skylab
missions. However, because of the greatly different missions (90-nautical-
mile versus 235-nautical-mile orbit) for these scheduled vehicles, a design

envelope can be developed to provide a quick check for other missions.

Figure 3.3.2-1 shows nominal boost velocity/altitude comparisons for the
Skylab I and Saturn V vehicles. Also shown on this plot are the design
trajectory traces for both vehicles (References 4 and 5). From the standpelnt
of aeroheating, the Saturn V design heating trajectory is the most critical
for Insulatlon design because of the high velocity at low altitude. The
Skylab I design loads trajectory is _ritical from the insulation venting

0
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4.0 EIWIRO_NTAL ORITERIA

The environment of an object consists of all the conditions affoc_inR _he

integrity and function of the object. In the case of thermal innulation, the

environment consists of all the conditions affecting the phy_ic_l integrity
and thermal (and structural) performance of the insulation_

This section defines the sources of information on the environment in which

the insulation must survive and function. An introduction is given to the

methodology used in determining the environment, with the aid of the infor-

mation sources. Using the insights of this section the designer becomes
aware of the wide range of parameters he must consider In the design of the

insulation system, in addition to its function as insulation.

The environment can be described as "natural" (climatic), tha_ is, existing

independently of the existence of the object, or as "induced", dependent on
the presence of the object. In general, the "induced" environment is

dependent on the interaction of the object with the natural environment. The
....._ "natural" environment will be discussed first.

4.1 NATURAL ENVIRONMENT

The natural environment includes winds, wind shears and gusts, atmospheric

_t density, pressure and temperature, solar radiation, humidity, precipitation,
" salt spray, sand and dust, fungus, ozone concentration, atmospheric

i_ electricity and the space environment.

_i The rate of chan_e of the "environment" and duration of the environment and[

;_ the combinations thereof are Darticularly important and should be examined.
j

;_ The design natural environment for a vehicle should be defined in the con-

_ _ tractual document specifying the vehicle. The insulation design should be

_¢ reviewed to determine compliance with each pertinent requirement in the

vehicle specification. If the "design" natural environment is not defined

in detail in the vehicle specification, great care must be given to select
limits of the natural environment corresponding to the "probability of

occurrence" utilized for design of other vehicle components. Howeger, the

impact of insulation failure on vehicle safety, crew safety and mission
success must also be considered.

4.1.1 Ground Environment

The basic guidelines for the natural ground environment for space vehicles
are presented in Reference 6. This reference contains design guideline

values for the followin_ environmental parameters: thermal (temperature and

solar radiation), humidltv, precipitation, winds, pressure, density,

electricity (atmospheric), sand and dust, fungi and bacteria, atmospheric

oxidants, and atmospheric composition. In most cases extreme values, as

well as most probable values, are given. Since Reference 6 was developed
for use in design of NASA space vehicles, emphasis is given to those areas

! where NASA space vehicles are produced, tested, transported, and launched.

4-i
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It nhouid be anticipoted that Reference 6 will ba updated and expanded with
move coverage on the W_t_rn Te_t Range and fihut_le landing slt_s. The latent

r_vtolons of theoc documents must be conoulted prior to d_ign.

For o_her aerospace vehicle Insulation appllcaCtcns (e.g., Air Force), there
are _imilar gutdeline_ or contractually _pccifled document_ which mu_t be

consulted. Earlier verston_ of Reference 6 wore utilized in defining the
environment for the S-II s_age (NR Specification CP621M0014A). Except where
noted, the natural environment for the $-II stage is the same whether the
stage is used for Lunar Orbital Rendezvous (LOR) or Skylab missions.

Certain climatic extremes for S-II stage design for the Log mission are pro-

seated (NR Specification CP621M0014A) in Table 4.1.1-.1. For the Skylab mission,
_he flight altitude increases to about 1,200,000 feet. Information on the

natural environment fcr the S-ll stage was also provided in NR Reports
SID61-473-I and SID63-498.

The use of these sources, especially the latest revisions of Reference 6,

? , and equivalent documents, should provide the necessary deflni=_on of the
ground environment except for areas greatly different from the geographic
areas included in these documents. In the latter case, analogous material

must be developed using available sources of information , such as local

weather bureau or military base records.

4.1.1.1 Transportation Environment I

The natural transportation environment for insulation consists of the natural

environment (Reference 6) through which the thermally-lnsulated object passes,

together with the environment through which insulation components pass prior

to flnal application. Examples would be (i) unpressurlzed cargo compartments

of aircraft, where rate of change of pressure would be important, and (2)

shipping through the Panama Canal.

The natural transportation environment for the S-II stage is specified (NR

Specification CP621M0014A). The same criteria would apply for any aerospace

vehicle insulation, with the requirement for determination of environment for

passage through any greatly different environment. To clarify the latter point,

the use of insulation at a sea level equatorial launch site could require

consideration of more severe environmental design parameters than presented in
Reference 6.

4.1.1.2 Pad Environment

The pad environment consists of the natural environment at the specific

locations where the £paee vehicle is checked out, tested or launched.

Isolated spots have been used as launch sites, typically in desert regions

or near sea transportation. Significant pad locatlons for the S-ll stage

included the Eastern Test Range, the Mississippi Test Facility, the White Sands

Missile Range (New Mexico), the Rocketdyne Field Laboratory in Santa Susana

(Callfornla), and NASA/MSFC (Alabama). The Western Test Range (California)

is planned for use for polar orbit launches, i
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/i II_'

Table 4.1.1-I. Climatic Extremes (NR Spec. CP621M0014A)

,,_......... , ,r i I ........

Enviro_ent Extreme

Temperature (non-oper:ttit_, 9 F minimum to 107 F maximum,
storage and land or sea _rnns- with 2h-hour temperature change
portation; operating, _la_:ic cycles as follows: A rise of
firing and launch) 50 F in a 5-hour period; _ hours

of constant temperature; a
decrease of 50 F an a 5-hour
period; i0 hours of constant
temperature. Ccmpartment
temperature factor as defined in
paragraph 2.7 of NASA T_K-53023.

i

Air Transportation (components) -85 F to +125 F for 8 hours

el

Flight -85 F minimum ambient
i , , n m

Altitude (nonoperating)
Storage 0 to 2000 feet
Land and sea transportation O to 6000 feet

_"'"_ Air transportation (components) 0 to 35,000 feet
'/ Air pressure range i041 mb to 255 mb

Altitude (operating)
Static firing and l_unch O to 2000 feet
Flight (equipment operating) up to 700,000 feet
Flight (engines operating) 175,000 to 700,000 feet

O to lO0 percent with
Humidity condensation "

up to J_inches per hour for
Rain and freezing rain one hour

up to 2 Ib/ft2 in a 2_ hour
Snow load Period

ii. i|i|. i . = . i v . H i ii H

Salt spray As to be encountered at _C

Sand and dust As to be encountered in
Opera,ions

Fungu_ As in tropical regions
i Ii Illll Hi i1.J ,i

Ozone Three year exposure to 3.0 ppm
concentration with a maximum of

! 6.0 ppm for 12-hour periods
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.
The natural environment to be used for these locations is presented in
Roference 6, NR Specification CP621M0014A, and NR Report SID61-473-I. For
clarlty it is important that a specific environment be utillzed.

4.1.2 Earth Atmosphere

The atmosphere of the earth can be defined by its pressure, density, tempera-
ature and composition° Most of the other properties, such as speed of
sound, viscosity, and conductivity, can be obtained from a knowledge of the
flrst-named parameters. The properties of the atmosphere vary over the surface
of the earth, vary with time of day, and with time of year and, in the upper
atmosphere, with sunspot activity. In addition, the properties vary from
themean values presented in most atmospheric tables. Current models of
the earth's atmosphere are presented in References 7 and 8. Specific
atmospheres over certain earth locations have also been developed. S-II
stage (NR Specification CP621M0014A) has specified use of Reference 9 for
the S-II stage launched from KSC (Florida). Atmospheric information is also
presented in NR Report SID63-498. Information from these sources is used in

.... determining the induced environment for insulatlon.

_ The steady wind direction, wind speed, and gusts are also considered as part
of the atmospheric environment of the earth. The flight winds to be used for

the S-II are specified (NR Specification CP621M0014A, NR Reports SID61-stage

... , 473-1 and SID63-498). An extract of this information is presented in Table4.1.2-i. Reference 6 contains guidelines on winds for future generations of _
space vehicles. Winds vary significantly in direction and velocity profile
during the year. As a result, preflight predictions involving wind will vary
with launch date. However, the winds listed in the quoted references are used
for design purposes. Again, for launch and landing sites at other locations,
"winds" data must be developed from historlcal records for the locality.

4.1.2.1 Nominal Atmospheric Conditions

The bulk of the atmospheric data presented in References 7, 8 and 9 refers
to the nominal atmospheric conditions. These conditions are usually con-
sistent with an atmospheric temperature lapse rate for altitude bands of
the atmosphere. However, it is llkely that any measurement of an atmospheric
parameter will deviate from the nominal (model) value. For this reason,
design values for atmospheric parameters must allow for variations from
nomlnal values. (Speclal care should be exercised to make certain that the
appropriate values are used for structural design_ nominal max design, pay-
load level or insulation design conditions.)

4.1.2.2 Off-Nomlnal Atmospheric Conditions

Information for off-nomlnal conditions for the atmosphere is presented in
NR Specification CP621M0014A, NR Report SID63-498, and References 6, 7 and
8. Consideration has been given to these off-nomlnal condltlon_ when designing
vehicles or components. An example of the density extremes possible at one
location is shown in Figure 4.1,2.2-1. Again historical records for a specific e_
site should be consulted to determine local atmospheric extremes.
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In certain cases, an off-nominal atmosphere ts specified for use as part of
a criterion.

4.1.3 Earth Orbital Environment

Below 90 km, the information on natural environment in Reference 6 is to be
used for NASA space vehicle design guidelines. For terrestrial space,
Reference l0 is to be used. Information is presented in Reference 10 on
neutral gas properties, the ionosphereo the radiation environment, the
meteoroid environment, the geomagnetic environment, and winds. These references
have been updated as a result of space activities. Xt is expected that future
space flights will result in additional updating of these references. Thus,
care must be exercised to use the latest version of the document.

The document also includes guidelines for cislunar space, interplanetary
space, and lunar and planetary environments.

_,! 4.2 INDUCED ENVIRONMENT

The induced environment consists of the environment resulting from the inter-
action of an object with the natural environment, of the interaction of one
subsystem of the object on another subsystem, and of the interaction of the
object with the natural environment perturbed by another portion of the same

i,'__ ' object, or by another agency. Examples of each of these types of interaction
_, wtI1 be mentioned in the subsequent paragraphs.
i

4.2.1 Ground Environment

! The induced ground environment can be c_sidered as starting with the selection
and initial procw_sing of the raw materials for the insulation, continuing
through all the manufacturing and assembly processing and storage operations,
final application to the object being given the thermal protection, and the
controlled atmosphere prior to and during flight (e.g., nitrogen or helium
purging). This environment is covered in the manufacturing and quality control
portions of the study.

Damage due to inadvertent contact with tools and vehicles must be considered,
The induced ground environment should also include those tests to which an
insulated object is subjected. For instance, a vibration test of an insulated
tank could impose strains on the insulation, though generation of those strains
may not be a test objective. Ground firing and launch pad environments will
be considered separately in Paragraph 4.2.1.2.

4.2,1.1 Transportation Environment

The induced transportation environment is concerned with the impact of the
movement of the insulation components or insulated object from place of
manufacture to assembly to test to vehicle stack assembly to launch pad.
Some of the main imposed loads are the "handling" loads, characterized by
accelerations (bumps). These accelerations can be experienced in hoisting ,B
operation, in transfers from hoist to transportation device (truck), during W
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motion of truck on road surfaces, during b_aklng and aeeeleratlon, during

transfer to aircraft or barges, during alrcraft aeeeleratlon, in response of

aircraft to wind shear during flight, in response to wave motion, during
barge docking, and during aircraft landings and takeoffs.

The design values of ground handling, transpor=atlon and erection loads for

the S-If stagewere specified (Reference 6) as 28 in all directions. The S-If

stage land transportation speed was limited to 5 mpY go keep loads within l_mi_s.

, 4.2.1.2 Pad Environment

The pad environment herein is considered as the environment on static firing

test stand as well as on the launch pad. The pad environment includes the
environment while the stage is inert, while loaded with propellants, and

while the engines are firing. The intermediate states and associated states

are also part of the pad environment. The intermediate states include fueling

and defueling, the associated states include purging and venting operations.

The pad environment also may include tool damage and spills of hypergollc

_' propellants

a. Purge and venting on pad: In order to prevent freezing of atmospheric
moisture and air components on cryogenic propellant tank surfaces or on

:_ adjacent in:ulatlon, both compartments and insulation may be purged while

on the pad or test stand prior to, during, and after propellant loading.
'- , The flow rates through the insulation must be checked to insure that

. damage would not result through a "rippling" type of load (for Multi-

Layer Insulation, for example). The differential pressure across the
insulation must also be limited to prevent structural damage to the

insulation facing sheets, or to MLI. (This differential pressure was a

problem with the helium-purged, foam-filled honeycomb insulatlon on the

S-ll stage.)

b. Fluctuating Pressures: Steady winds flowlug past a launch vehicle,

orbiter, or the various launch towers or test stands, can react with the

object to result in a turbulent wake. This turbulent wake flowlng over

an object causes the surface to experience a fluctuating pressure environ-

ment. Thus, the S-II stage surface was subject to a fluctuating pressure
field due both to its own interaction with the wind, and to the fluctuating

pressure wake from the towers. Surface insulation, and insulation

relatively open to the atmosphere, must endure this fluctuating pressure
environment. These fluctuating pressures, as well as wind gusts, can

cause differential pressures across insulation facing sheets or intermediate

insulation layers, which pressures must be considered in design. Scale
models of tower and vehicle are tested on a rotatable pad in a wind tunnel

to help evaluate fluctuating pressure loads, and determine frequencies.

An example of the results of such a test on a Titan model with umbilical

tower is reproduced here as Figure 4.2.1.2-1 (Reference 28). This figure

should not be used, nor should any illustration in Section 4.0, without

determining the specific conditions for which it was valid, or determining

whether it has been superseded.
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Figure 4.2.1.2-1 Pressure Fluctuation Test Data on Titan Model
and Umbilical Tower

i" I

c. Fluctuating Pressures (Rocket Engine Noise): The operation of rocket

engines within the atmosphere results in noise due to the shear between
the exhaust gas and the atmosphere, and due to the operation of pumps at

high speeds. The mechanical noise of pumps is transmitted through the
launch vehicle structure to the insulation. The sound (fluctuating
pressure) from the rocket exha_tst is transmitted through the atmosphere
to the sides of the launch vehicle. Some of the sound is reflected from

the sides of the test stand or launch towers| another apparent sound
source is at the flame bucket.

NASA has prepared a monograph (Reference ii), on the acoustic loads

generated by the propulsion system. This should be used for design loads

for new insulation applications. _h_ external and internal acoustic
environment used for the S-ll stage is presented in NR Specification

CP621MO014A and in NR Report SID61-473-1, as is the structural vibration

for various regions of the S-II stage. An example of the external acoustic
environment generated by the S-IC engines firing on the pad is presented
in Figure 4.2.1.2-2, reproduced from NR Specification CP621MO014A. Where

insulation c,_a_ists of panels supported at discrete location, significant
strains could be transmitted from the basic structure to the insulation.
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d. Thermal Environment: Where cracks or other path_ e_int through the -..
Insulation _o a cryo_en!e p_op_llan_ tank, _ryopumplng can r_o.lt from

_he llquofactlon and froezlng of air eomponnn_o at _h_ _ank wall. renu].tlng

in maintenance of a pressure dlfferentSal along _he ernck. Rap/_ warmup

o£ the tank wall ao a renult of dotanking and _ank purging en, n renult In
_he rapid warming of the Mqulfled and frozen air components and con=

verslon _o Boo, with reaultant high pressure wi_hln o,_'_gap adjacent to

tha wall. This process resulted in £ormation of debonda4 plugs (dtvotn)
of spray foam on the LH2 tank wall of th_ S=TI stage for several vehicles.

4.2.2 Flight Environment

The fZlghtenvironment commences at llft-off and, for this study, terminates

when the vehicle reaches orbital altitude. For this study, the flight carlton-
ment will not include entry into planetary atmospheres.

4.2.2.1 Compartment Venting and Inflow

i The unpressurized compartments (and insulation cavities) at llft-off will
contain a purge gas at a pressure somewhat above atmospheric. The temperature

of the gas will vary throughout the various compartment and insulation areas

depending on the purge gas flow pattern and temperature of the structure
boundlng the flow paths. Just prior to llft-off, the piping connecting the

-_...... purge gas supply and exhaust is disconnected and the compartment can vent to

the atmosphere. The pressure-time history in these compartments is a function T
of the initial gas pressure, temperature and composition, the flow paths and _

the restrictions in the paths for the gas to flow to the atmosphere, and the

external pressure-time history at the controlled vent and at the leakage

locations. The external pressure-tlme history is a function of the vehicle

configuration and trajectory. In general, during boost the pressure within

the compartment or insulation will be higher than the ambient pressure at

the altitude being transited. The externa_ local pressure at t:he vent or

leakage location at any moment can be either less than or greater than the

pressure Just inside the vent or leakage area. Thus, at any instant the flow

may be outward or inward. Of course, during boost to orbit, the general trend

is for outward flow of the purge gas to the atmosphere.

As a result of the differences between internal pressure (assumed constant

within a compartment at any instant) and _he external pressure (varying with

position on the vehicle around the compartment perimeter and along the com-

partment length), there is a compressive or a burst differential pressure load

on the compartment walls. There are _%so compartment bulkhead loads, due to
the difference in pressures in adjacent compartments, and insulation dif-

ferential pressure loads, due to the difference in pressure from within the
insulation to the compartment resultlu8 from pressure lags during venting of

the insulation. NASA has published a guideline document (Reference 12) on

compartment venting for space veldcle design.
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Th_ do_gn vnlun_ of maximum dlffor_n_lal (burnt) prnnnur_ on _hn fi_II for_
ward nklrt and nf_ l.n_rn_ago, vonul_lng grom von_lnR lag and vehiel_ a_l_udo

and configuration, are preaon_od in _ Spo_fiea_on CPfi21MOOI4A and NR Ropor_
SID63=49_. An oxample of _ho _n_ornal and d_ffovon_lal (burn_) pr_nnurc_ _lmo
hin_orton in _ho fi=T_ o_ago forward nk_r_ _n preheated _n Figur_ 4.2.2.1:1
reproduced from NR 3pectfieation CP621M0014A.

NR Repor_ $ID63-498 alao coneatns a dtncuoaton of tho methodology unod in
docotmination of _hc tntornal and ex¢oraal prooouro environmente. NR Spoct=
ftcatton CP621M0014A coneain_ the design trajectory uagd In she venetn_
calculation.

NR has developred a multlplo compartment venting digital computation program,
which was used for pred_cting pressure-time history in both compartments and
in helium-purged insulation. Comparison of the predicted pressure-time
history and the measured pressure-time history for an instrument in the helium
purged insulation is presented in Figure 4.2.2.1-2. A prediction of the longi-
tudinal differential pressure across the sidewall insulation for the S-II-6
insulation configuration and design trajectory is presented in Figure 4.2.2.1-3.

¢

• 4.2.2.2 External Pressure Distribution

The external pressure distribution environment on a vehicle during transit

, through an a_mosphere may consist of an aerodynamic pressure environment, a

plume impingement pressure environment, a fluctuatlng pressure environment,

and/or a base pressure environment. These environments will be discussed

separately in the following paragraphs of this report.

a. Aerodynamic Pressure: The external aerodynamic pressure distribution on
a vehicle is a function of the vehicle configuration, atmosphere

(including winds), and trajectory (including vehicle attitude). There

are many methods of analysis available for determining the aerodynamic
pressure, the best being reliance on wind tunnel tests on a model of

the vehicle, with proper evaluation of difference between model test

and full scale vehicle conditions (e.g., Reynolds number, roughness, etc.).

The external pressure distribution on a vehicle with external insulation

is thus the external pressure distribution on the insulation. The pres-

sure distribution on, or in the vicinity of protuberances, differs from

the clean body pressure distribution. Also, when determining the

pressure distribution for the full-scale vehicle from wind tunnel tests of

scaled models, the relative spacing of instrumentation and discontinuities

in shape must be considered.

The Saturn V LOR mission conflgura_ion is shown in NR Specification

CP621M0014A, with protuberances presented in Interface Control Document

(ICD) 651CD9000. The Skylab configuration has been published

(Reference 13) and its protuberances presented in !CD 651CD9001. The nero-

{! dynamic pressure distribution on the basic Saturn V configuration and on
protuberances is presented in NR Report SID63-498. An example of the
longitudinal distribution of surface pressure coefficient is presented in

Figure 4.2.2.2-1, reproduced from NR Report SID63-498.
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b. Plume Impin_oman_ Pressure: Launch vehicles often contain ratroroekats,
ullage roek_s, a_tituda control J_s, and similar d_vlean producing

exhaust Ran p],ume_ whleh In_oraet with the e_ter_al atmosphere and
produce pressure disturbances on adJaeon_ surface_. The duration of

firing of _hose Jots may be short, but the resulging forties may produeo
offoc=s other than expected, t,n attltudo control or In drag, for oxample.

In addition, the pressure grad:l.en_produced along a surface may be of
c_pposlto dlroction to that normally antlclpatod, thus leading to flow of
hot plume gas¢_ into regions where such flow is undesirable (into MLI or

Reusable External Insulation, for example). Analysis of these interactlng

flow flelds, i.e., of the plume with the external flow, is quite complex
and should be verified by test.

c. FlucCuatlng Pressures: Fluctuating pressures on the exterior of launch
Vehlclesare due to aerodynamic causes and to rocket exhaust noise.

Fluctuating pressures due to the latter cause are usually greatest at

llft-off, have been discussed in Paragraph 4.2.1.2c, and will not be
discussed further. Fluctuating pressures from aerodynamic causes exist

-" due to turbulence in the boundary layer, to shock oscillation, and to

separation and reattachment of flow. The maximum external acoustic

environment for the S-ll stage during boost, reproduced from NR Speclfl-

cation CP621MO014A, is presented as Figure 4.2.2,2-2. Much work has beendone in experimental measurement of pressure fluctuations and to making

'.v time/space correlations of the measurements for use in predicting
structural panel response. One reference cited (Reference 14) contains |
information on fluctuating pressures. It was also stated therein that

design criteria monographs would be issued on vibration, acoustics, and
flutter.

d. Base Pressure: As a launch vehicle ascends through the atmosphere, the

ambient atmospheric pressure decreases while the pressure within the

engine nozzle Just upstream of the exit plane remains essentially constant.

As a result, the engine plumes expand laterally until they impinge on each
other. Due to this mutual impingement, there develops a pressure level

which lower energy flow, e.g., in the nozzle boundary layer, is unable to

penetrate. This lower energy flow then reverses and flows back to the
base heat shield, then laterally out between the base heat shield and the

engine nozzles. The pressures exerted on the base region, due to this
reversed exhaust gas flow, we e considered as part of the base heat shield i
design, flexJble curtain design, and also in the net forces on the launch

vehicle. The pressures in the S-If stage base region are presented in
NR Report SID61-473-I.

The base pressure is dep£ndent on the base region nozzle location, spacing,
distance from nozzle exit plane to heat shield, and glmbal patterns, and

thus will differ from vehicle to vehicle. It also will vary with engine

mixture ratio, center engine cutoff (CECO) mixture ratio and chamber

pressure. At present, theoretical methods cannot predict the base region

flow within acceptable limits fcr design purposes. Thus, for vehicles

other than the S-If stage, the base pressure must be determined from _tPimodel test data.
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4.2,2.3 External Hosting Dtotribution

The external heating distribution environment on a vehicle during transit
through an atmosphere may consist of aeredynamic heating, separated flow
heating, plume impingement heating, and base region heating. Theme environ-
ments will be discussed separately in the following paragraphs.

a. Aerodynamic Heating: The aerodynamic heating of a body moving through
the atmosphere can be determined as a function of the atmosphere, the
trajectory, the attitude of the vehicle, the winds within the atmosphere,

and the shape of the vehicle. The problem of predicting the heating
usually concerns the determination of the local M_ch number outside the

:: boundary layer, and the enthalpy of the gas media at the boundary layer

i edge and at the wall. The local pressure and local Mach number are
found at a given atmospheric pressure, atmospheric temperature, vehicle

3 velocity, and vehicle angle of attack (combining vehicle attitude, local

_ velocity and local winds) either from correlated wind tunnel data or
i

from theoretical calculations.

NASA has specified use of the 1963 Patrick Reference Atmosphere (Refer-

ence 9) and ,the Aerodynamic Heating Design Trajectory (NR Speclflcatlon

CP621M0014A). The design values of clean body heating rates for the

LOR S-If stage are presented in NR Specification CP621M0014A, as are the

_!_ multiplying factors to be used on the S-If stage protuberances and in the

protuberance-influenced regions. _:"

For flight evaluation for the S-If stage, actual values of atmospheric
conditions, winds, and the trajectory may be used, together with digital

computation programs, to predirt the local pressure and local Math

number, and the aerodynamic heatxng. For other vehicles, the aerodynamic

heating rate program may be used, together with values of local Mach

number and local pressure. For other components of the Saturn V LOR

vehicle, design heating rates have been presented (Reference 15).
External insulation must accept the heating rates for various regions

of application.

An example of the curves of heat transfer coefficient and recovery

temperature as a function of flight time is presented in Figures 4.2.2.3-1

and -2. At any instant, the heat flu:z can be d_termlned by using the

equation

= h (Tr- Zw)

= heat transfer rate, in Btu/ft 2 sec.

h = heat transfer coefficient, Btu/ft sec °R (Fig. 4.2.2.3-1)

Tr = recovery temperature, °R (Figure 4.2.2.3-2)

and where Tw = 540R, consistent with the values of h.
W+'I
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It should be _mpha_ized that the example curveo are only valid for the

i:_ _poclfic configuration, atmo_pl_ere, _raJ_ctory, design winds, and loca_ion

on the configuration, and ahouid not be uoed for any o_har conditlono.

The thermal design envlronmon_ for Skylab has been pro_nted (Refer-

i ence 13). For configurations where two bodies are separated by gaps,

great care mu_t be exercised in analysis of the heating rat_s in :eglon_

where shock impingement occurs. It is possible to create shear layers.

sudden transitions from laminar to turbulent flows, and similar complex

flow field patterns wherein heating rates are increased greatly. Also,

wing-body and tail-body regions can have sufficient interference heating

regions. Lee-slde vortex flow patterns can result in large increases in

lee-slde heating from that usually predicted. Heating rate wind tunnel
tests are strongly recommended for any new flight configuration.

b. Separated Flow Heating: The mutual main engines plume impingement

results in a base region pressure field which turns the flow down the

stage away from the launch vehicle sidewall. The hot exhaust gases from

the engines flow up to the sidewall to the point where the flow separates

from the vehicle, then flow back toward the base region Just inboard of

the diverted flow. As this hot gas flows up the launch vehicle, it can

enter the open downstream side of falrings over the systems tunnel, the
various separation splices, the feedline fairings, and other openings

_ with internal pressures less than that of the hot exhaust gas. The
._ temperature rise of the materials within these falrings due to the

separated flow heating was acceptable for the aerodynamic heating design

trajectory of NR Specification CP621M0014A. However, using an NR

prediction of separated flow heating, it was found that the ordnance and

LH2 pipes within the falrings required protection for the Skylab trajectory.

As a result, the downstream ends of certain falrlngs were sealed to limit
intrusion of the hot exhaust gases. Consideration must be given to

intrusion of these hot gases between film layers when considering use of

multi-layer insulation (MLI)

c. Plume Impingement Heating: The exhaust plume from an attitude control

system reel<or motor, an ullage motor, or a retrorocket motor will expand
sufficlently at higher altltudes to impact the surface of adjacent

structures. As this hot gas plume is turned by the structure, and flows

along the surfane, it heats the surface. During separation, the plume

from an upper stage main engine may impinge on the lower stage surfaces.

The heating rates to the surface are functions of the motor propellant
constituents, mixture rat/o, chamber pressure, nozzle exlt/throat radius

ratio, inclination of nozzle axis with respect to surface, nozzle exit
dlstance from surface, surface curvature, surface protuberances, and

position on surface. For main engine plume impact on lower stages, the

relative separation, longltudinal and lateral, and the angular misalign-

merit of the stages will all affect the heating distributions.
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Plume lmpinBement ho_tin8 for the Saturn V LOR aud _kylab missiouA and
configuration have boon published (Referonee_ 13 and 15). A surface
heating di_ttibution for an RCS engine ia prencuted tn Pleura 4,2.2.3=3.
Insulation designed for protection from radiation in apace may require
proteotlon from the RCS eu_tne exhaust plum_8;

d. Base Region Heating: The babe region flow pattern le_ding to base
region heating i8 discussed in paragraph 4.2,2.2d, As for base pressure.
base heating cannot be predicted theoretically accurately enough for
design purposes. Thus, base heating te_ts must be used for new confi-
gurations. The tests should encompass all the variables noted in
Paragraph 4.2.2.2d. The S-[C base region heating for the LOR configuration
and for Skylab has been documented (References 13 and 15).

S-II heating rate distributions for the bast region are presented in NR
Report SID61-473-I.

4.2.2.4 External Shear Distribution

For this study, "shear" Is considered as the force exerted on a surface, paral-
lel to the surface, from the air stream, tending to remove the surface of the
structure (or of surface insulation). The major sources of shear are the
aerodynamic flow field over the vehicle and plume impingement shear. These
two sources are discussed saparately.

a. Aerodynamic Shear: Aerodynamic shear arises from the viscosity of the I
air. Close to the body, this viscosity manifests itself in the boundary
layer. In this region, viscous forces are more important than pressure
gradients in slowing the air to rest with respect to the launch vehlcle,
at the vehicle surface. The determination of the magnitude of the shear
stress is made using the knowledge of the free-stream and of the local
flow properties, and a boundary layer calculatlon. In general, the shear
stress varies with the heating rates. A plot of shear stress versus
spray foam surface temperature is presented as FiBure 4.2.2.4-1. This
figure was generated as part of an investigation of erosion of spray foam,
and is for the basic sidewall of the S-If stage for the design aeroheatlng
trajectory. Higher shear stresses would be experienced in protuberance-
influenced regions, as shown in Figure 4.2.2.4-2.

In addition to boundary layer shear stress, certain types of _nsulatlon
could have a backwards facing step at the rear of an insulation segment,
or a forward facing step at the front of the segment. The forces on an
insulation panel, due to these steps, can be combined with the boundary
layer shear stress to develop an equivalent shear stress, tending to
remove insulation material or panels.

b. Plume Impingement Shear: A shear stress is also generated by plume
impingement flow on a surface. In general, due to the assumptions
involved in calculating plume impingement heatins, a simple relation
(Reynolds' analogy, Reference 27) Is used to calculate shear stress from
the heat transfer coefficient. _
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4.2.2.5 Inoulation V_ntln_

A_ l_ft_off, most _yp_n of Inou1_t_on (a_pt vaauum Jack,ted t_nkn, for
_amplo) eontaln air ova puvgn gan at or nllghtly above atmonphorie pr_nnuro,

_iI An _ho launch vohi_l_ boosts Cowards hiflhovalCl_udon and tlm o_tornal
prennuro doaroaooo, _hln g_n mun_ be vented to prevent damaging Âovo%n of
dlfforon_al proooure across facln8 oheo_o, or across Innulatlon layorn. Tn

c 0addition, space insu_a_i n of _ho Ml,_ _ypo_ or of the REI _po, has be_ter
Inou%a_ion quality _f _ho convective hea_ _ranofor through _he gao, inJ_ially
within _he Insulation, is redue, ed by reducing _he ga_ pressure.

The NR Multlple Chamber Venting Program YlOOl3 contaln_ an assumption that the
gas flows from rigid fully open compartment_ through plpoo or orlflceo _o
other compartments, and _hus to the outside of th_ launch vehlcle.

This program was used to predict the time required for the S-I_-I stage
hellum-purged sidewall cryogenic insulation internal pressure to drop to
atmospheric pressure levels during a blowdown test. The actual time was

, longer than the predicted time.

It was suspected that the adhesive partially blocked the passageways through
which the gas flows. Parts of the flow passage from the insulation to the gas
manifolds may also have been blocked. In order to keep the facing sheet intact,

_, additional flow passages were opened.

From this experience, it was learned that provision must be made for deter- i_"
mining an effective open area for orifices, to compensate for the partial
blockage of gas passages. The values of effective area must be obtained from
test data, together with use of the venting program. Parameters are varied

: until the experimental blowdown pressure-tlme history and the predicted curves
of pressure-tlme history agree.

The prediction of the venting of b_l or REI to pressure levels of 10-4 Tort,
or lower, is a complex task, The basic type of gas flow within the insulation

,, changes from continuum to transitional to free molecular flow (Reference 25),
The gases evolved from the MLI layers, or within the interstices of the REI,
form an important part of the gas load, delaying achievement of the desired
low pressures. The gases evolved depend heavily on the history of the material,
previous pumpdown cycles, temperature, and on the composition of the purge
gases. Again, the insulation should be subjected to a typical duty cycle,
and measurements made of pumpdown pressure-time history.

4.2.3 Earth Orbital Environment

In addition to the natural environment at orbital altitudes, a structure

(e.g., insulatlon) is subject to an induced pressure and heating environment
which varies with orbital altitude, as well as a plume impingement environ-
ment. These environments will be discussed in the following paragraphs.

G
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4.2.3.1 PlumA Implngomnnt Envlronmo_

At earth orbital a!titudon, the p!uma f_om _ no_le sprcadn to a much grantor
dngroo than when oonntra!nad by the morn dnnnc atmonphern at lower alti_ud_n.
Thun, the p!umo may onvo!op the ntago. If the innulation hen bonn venting for
a nign_ficant period of _:Imeprior to _ho burnt of tan from _ho plume, _hern
will bo n preonuro gradlon_ d¢ivin_ the tan into tlm Innulatlon. The name
effocto, including increanod convoctlvo hoaxing, would occur at o_bltal
alt_tudot_ a_ dincuooed prov_ounly in Parafl_aplm 4.2.2.2b, 4.2.2.3c, and
4.2.2.4b.

4.2.3.2 External Prosoure Environment

In addition to the self=generated atmosphere of an aerospace vehtcl.e, caused
by _he outgesstng of structural components and of _nsulation, leakage from
internal spaces, overboard discharge of wastes, etc., there iea tenuous
atmosphere at earth orbital altitudes. Since the aerospace vehicle is traveling
at very high velocities, there will be a pressure force exerted on external
surfaces of the vehicle. The force will depend on the surface orientation
(Reference 26) with respect to vehicle velocity vector, vehicle configuration,
surface material, temperature, coatings, and the natural environment at the
orbital altltuda. The natural environment will also vary with solar flares;
for example, under such a variety of parameters, the prediction of pressure

,,:: distribution is a complex problem, At the higher orbital altitudes, 100
nautical miles and higher, the main influence on insulation would be the

i effect on venting of the _I.

!_i 4.2.3.3 External Heating Environment
:!

i9 The overall heatin8 of the aerospace vehicle in earth orbit is primarily due

_! to solar radiation, either direct or reflected from the earth, depending on
_j orbital parameters. This heating would be considered as natural environment.

The passage of the vehicle at very high speed through the tenuous atmosphere
results in heating of the body due to molecular impact at very high altitudes
(Reference 25). The factors which affect pressure (see Paragraph 4.2.3.2)
also affect heating. Concavities and holes pointing in the direction of
travel tend to concentrate the molecules into a smaller area and increase the

heatlng rates locally, and thus should be avoided.
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5.0 DESIGN _EOUIREMRNTR

5.1 INTRODUCTION

The principal purpose of a passive insulation system is to provide
protection for specific vehicle subsystems that are sensitive to

external heat. The required protection is different for each subsystem

with respect to type, degree, time, and duration. The natural and

induced environments to which they are exposed also vary. Each of these

variables represents a constraint or requirement which affects the physi-

cal design of the insulation system. This relationship is shown in

Figure 5.1-1. It is the purpose of this section to identify the sources

of design requirements and to show relationship of requirements to
system design. Table 5.1-1 is a checklist of requirement considerations.

Protected subsystems include:

; a. Propellant subsystems require thermal protection to insure the .
" required quantity of propellant will be available at the proper

quality each time the engines start and throughout each burn.

. b. The structural subsystem requires that the temperature of the primary
structure be kept below design limits during periods of critical

_"_ .- loadi_g.

=, c. The pressurization subsystem requires that heat be retained within a

given ullage volume to insure maintenance of pressure control, or

that heat be excluded from a given storage volume to preclude over-

"_.! pressurization of the volume.

'_ Environments include the following:

a. Natural environments include those stimuli that a system experiences
due to natural local climate. Terrestrial stimuli varies with

geographic location, time of year, and time of day. Space environ-

ment varies according to location in space and attitude.

b. Induced environments include the dynamic effects imposed by flight

through the atmosphere and the effects imposed by radiation or con-

. duction from adjacent system boundaries,

Contractual documents will define program end objectives. Generally this

will require delivery of a given payload from a given locatlon and along

| a given trajectory under given launch conditions. Insulation system

| design requirements evolve and are definltlzed through an iteratlve,

| coordinated process involving a number of interfacing dlsclpllnes and

._ subsystems.
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Table 5.1-L. Requirement Consideration Checklist

Area Considerations

Propellant System Temperature
Pressure

Time

Pressurization System Temperature
Pressure

Time

Structural System Pressure

Temperature
Strain

Loads

' Aerodynamic Acoustlc/Vibration
'_'_' _ Pressure

Temperature

; Drag
Z'

:_ Terrestrial Environment Thermal'

i",,_. Radiation

:_ Temperature

!;! Humidity

i_ Precipitation
if Rain
_ Snow

oi Hail

Wind

C_ound

Inflight

Abraision

Sand and Dust
Snow

Raindrops
Rail

Atmospheric

Pressure/density

Electricity
Corrosion

Oxidants

Fungus and Bacteria

Space Environment Gas
Radiation

Meteroid

Geomagnetic

Astro-dynamlc
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5.2 SOURCES OF DESIGN REQUIREMENTS _ t.

The influence of interfacing subsystems on insulation system design
requirements is described in this section.

The insulation system must perform thermally during cryogenic tests

i_ on the ground as well as in flight; it must withstand the structural
maneuvering associated with transportation, installation, and flight;

;_ and it cannot deteriorate itself or contribute to vehicle deterioration

!_i! during long storage periods. Each of these phases exert significant
_ and different requirements which must be incorporated into the desigu.
i% The general procedure is to design the system to the most severe require-

b ment -- generally the flight phase -- and then check its adequacy against

i_i requirements for the other phases. Detail design requirements are

i_ presented in Section 5.3.

15 5.2.1 Thermal Performance Requirements

_ _ The principal ob3eatlve of the insulation system is to limit heat input

to the cryogen both on the ground and in flight. This maintains the
cryogen in the liquid state and in condition acceptable for engine

operation'. The acceptability (quality) of the cryogen is defined in

terms of temperature and pressure at key operational or commit times as

show-, in Figure 5.2.1-1.

5.2.1.1 Ground Hold Operations I_

Durln_ ground hold operations with cryogen loaded, heat passes through

the insulation into the cryogen which results in increased bulk temper-

ature or loss of the cryogen through boiloff. The lost propellant must

be replaced by topping operatiot,s which represent an important element

in facility layout and logistics.

The GH2 which is boiled off is vented by a pressure-controlled valve
into a facility discharge llne that is common to all stages. It
flows to a remote location where it Is safely burned. The venting pres-

sure is kept as low as possible (approximately 1.5 pslg) to minimize
the bulk heating consideration. Sporadic venting, however, disturbs

the thermal equilibrium of interfacing vehicles which, in turn, can

delay launch countdown timing.

The size of the vent valves and the Sack pressure in the facility llnes

and burn pad represent constraints on the thermal performance require-
ment for the installed insulation system. On the S-If program, a

requirement was established inltlally by NASA that the Insulatlon sys-

tem limit LH2 boiloff to less than 6 percent per hour of fuil tank load
(NR Report SD-II-67-32). This was subsequently changed to relate vent-

ing pressure of 16.2 psla with performance requirement shown in

Figure 5.2.1-1 (CP621MOOI4A). This currently represents a good initial

target requirement for launch vehlcles utilizing the same facility.

Q
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1=id_ NOTE: MAINSTAGEVALVESARE APPLICABLEFORTHE TIME
PERIODSTARTING3.0 S_CONDSAFTERSTARTTANK
DISCHARGEVN VES (STDV) CONTROLSIGNAL
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-424 _ 17,9, -424 ...............................
z 18 3, -424 46, -424U.I

-426
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ENGINE FUEL INLET TOTAL PRESSURE (PSIA)
1=

Figure 5.2.1-1. Malnstage Engine Fuel Inlet Requlrements

Other programs may impose more severe requirements; for example,
vehlcles with space mlssions may requlre that the exterior surface
temperature of the insulation he warm enough to preclude condensation
of moisture during prelaunch holds. A requirement of thls nature w111
influence requirements of insulatlon thickness and purging.

5.2.1.2 Flight Performm_,:e

, Generally, flight performance requirements will influence the system
_ design to greater degree than ground hold requirements. These require-
. ments are determined by the heating that can be accepted by the pro-

pellants from the time of final topping on the ground until final!:
_-i ' engine shutdown in fllght. For a launch vehicle or a vehicle whose

_ mfsslon requires only one engine firing, this requlrement is normally
,i

i'l SD 72-5A-0157-1
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expressed as total Btu's per mission. For the S-If stage, this was

inltlally set at 215,000 Btu (NR Report SD-II-57-32), but subsequently
revised to 183,000 Btu.

It is important to note that thermal performance requirements for launch

phase must consider the effects of profile time. Aeroheating occurs

during flight through sensible atmosphere but falls off rapidly after
maximum dynamic pressure condition is experienced. The insulation sur-

face temperature will vary accordlngly. Also, insulation system require-

ments may be established to allow the insulation system to absorb heat

during this time without transferring it into the primary tank until
after the cryogen has been used.

The thermal performance requirement In space vehicles is established

!_ from the allowable cryogen boiloff. This is generally defined as

_ percentage of initial tank load and loss is limited to a given period
of operation. For short missions it can be assumed that all heat

i_i input results in loss of cryogen through boiloff. Longer missions

-_.... must take change in cryogen quality into account for optimum insulation

!_ ' design. A typical requirement for an application of this type limits

boiloff to 1.15 percent of full tank load for seven-day mission. For
vehicles in the space environment, thermal performance requirements
generally provide that the total charged weight of the insulation

system plus total boiloff weight be minimized. Figure 5.2.1.2-1 shows

this effect on optimization of insulation thickness. I-

5.2.1.3 Structural Temperature

On the S-II stage, the primary structure is in essence a large tank

containing LH2 under pressure. The tank accepts the thrust loads
from the first stage (S-IC) and transmit them to the third stage

(S-IVB). In order to accomplish this with minimum stage weight, the tank

skin was maintained at cryogenic temperature, thereby taking advantage

of higher mechanical properties. A strength increase of 35 percent

was realized at -423 F with a 2500-pound weight saving. This required

that the insulation be applied to the outside of the tank (NR Report

SD 68-125).

Other applications may require that the insulation maintain the struc-

ture at temperatures nearer ambient (e.g., the S-IVB stage) and this

requires insulation to be located on the inside of the tank. An

overview of this problem can be obtained in Reference 16.

5.2.2 Structural Requirements

Bonding of organic insulation to the metal structure causes a series of

structural requirements to be established for the insulation itself
which influences selection of materials and installation procedures.

When the tank wall is cooled to cryogenic temperature, it contracts

blaxlally. The organic material adjacent to it attempts to contract
more than the aluminum but Is constrained by the metal which has a much #
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INSULATION SYSTEM HEIGHT
CORRECTEDFOR MISSION

_, PENALTY' "

_ .
k-

C

I TOTAL MISSION PE s °

_ . J •
OPTIMUM •

z

-c J _,,P S •STO,,AL SYSTEM WE_ IGHT

o. •

X

OPTIMUM

_" ,INSULATION SYSTEM WEIGHTo

_. • PROPELLANTBOIL-OFF
I_ ,,¢ So.J

..-, •
: w 00

Z

INSULATION THICKNESS

Figure 5,2.1.2-1. Optimization of Insulation System

larger modulus of elasticity; therefore, thermal strains are Induced in

the organic material at the interface wlth the tank wall. This strain

is increased when the tank is pressurized or when the surface tempera-

ture of the insulation increases. A design requirement Is established

to identify the strain so that structural integrity may be insured.

Typically, an interface capable of withstanding strains of 0.0044 inches

per inch of interface length is required.

Additional insulation system structural requirements exist wheze the

insulation is purged or where it is subject to external pressures due

to venting during flight. These requirements originate from aero-

dynamic pressure environments and influence the size of venting

apertures, internal purge passages, and purge volumes. As previously

stated, it Is important to identify the relationship between altitude,
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|
pressure, and surface temperatures on a time basis when establishing m
these requirements. To do otherwise may result in ovordeslsn. For

example, as seen in Figuro 5.2.2-1, maximum pressure and temperature do

not occur simultaneously and to design for that case would impose

unnecessary weight, cost, and complexity to the system.

For the case of vehicles with space missions, the structural require-

ments which relate to pressure differentials across the insulation

generally also affect the thermal performance requirement. For example,

a structural requirement may exist for a system utilizing multi-layer

insulation. However, the gas pressure which creates the structural

load also affects thermal performance and additional requirements may
be necessary to insure venting of the gas within a given time.

Another requirement is imDortant that the insulation structural integrity does
not deteriorate due to time. This is particularly necessary for insulation

systems which are adhesively bonded or otherwise structured. In addition,

requirements are developed to insure that the insulation system does not

_ _,_ contribute to corrosion of the metal structure below it. These require-

ments influence the selection of materials, storage, installation

procedures, and auxiliary supporting systems.

5.2.3 Operational Requirements

' This class of requirements are imposed because of the manufacturing, T,'
transportation, test, and storage phases of the vehicle life. Generally,

these operations represent more severe conditions than are experienced

in flight. Requirements in these phases must be carefully established
to insure that adequate but not excessive restrictions are imposed.

As an example_ a vehicle such as S-II that undergoes cryogenic testing

in a holddown stand is not subjected to the same structural loads,

acoustic/vibratlon environment, or periods of operational exposure as
when assembled into the launch configuration. Where these conditions

are found to be different than the launch phase, requirements are de_el-

oped to insure design adequacy.

5.2.4 Environmental Requirements

The criteria for environmental requirements are generally obtained from

guidelines established by NASA. These are imposed on the basis of

geographical location of the application and exert great influence on
! selection of materials, design configurations, and storage conditions.

Refereners 17 and 18 are the sources of requirements for terrestrial

climatic criteria and References 19, 29, and 30 are sources for space
i environment criteria.

e
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5.3 DETAIL SYSTEM DESIGN REQDIREMENTS AND RESHLTA_T PERFORMANCE f;_i:_!

Insulation sy_om_ war_ daolgnod to _ha dotal! r_qulremantn pvooented

in this _octlon. The purged honeycomb base conflgurat_on wan _ncor_
porated on oregon S=ll_l through S_ll-7. A foam configuration wan

u_iii_od on S-II_8 and subsequant stago_, tl_gh=performance _n_ulat:lon
wan the subject of an advanced application study.

5.3.1 Propellant Tanks

S-I! initial contractual specifications required that "the tnsul.atlon
for the liquid hydrogen tank shell and forward bulkhead shall be

designed to a thickness compatible with the design criteria and mission
requirements established for the S-ll stage." Subsequent developments

in the influence of changing subsyst _m requirements produced changes in
these specifications. The key specification requirements as developed

are presented in this section.

...._ 5.3.1.I Honeycomb Base System

Key contractual requirements for this system required the following

design:

a. Limit the heat input to the LH2 so thsc J-2 engine pump net positive

• suction head (NPSH) requirements _r_ met.

b. Heat input consistent with a 16.2 psla maximum vapor pressure during

ground hold.

c. The total heating mission time is from initiation of tank pressur-
ization to end of S-If boost.

_ d. The insulation must be capable of withstanding stresses induced by

i_ virtue of its attachment to the primary structure in combination

ii with stresses resulting from natural and induced environments and

the aerodynamic thermal envlrotment.

e. The insulation will be designed to provide for the detection of

excessive structural leakage of hydrogen by a ground facility
detector.

f. Insulation and other required areas will be purged during ground

operations with purge gas furnished from a ground facility.

To meet these specifications, three basic design requirements were

imposed: (i) boiloff during ground hold must not exceed 6 percent of

tanked volume; (2) total heat input to LH 2 in flight must not exceed
209,000 Btu; and (3) the insulation must be external to the primary

a

5-10

SD 72-SA-O157-I

, , % , . o '. ' _ _ , o° u *' _ o o " " " _ " _ .

O0000001-TSGIO



#,_ Space DivisionNorlh American Rockwell

ntrue_uro and Ineorparntn a purg_ oyn_nm whJah al_o will be unnd for
l_nk detne_loB,

o. Do_al] Design l_oqu_ro_n_n:

I. Surface l:_mperaturo J_i fligh_ n_ nhown I, FigI_ro 5.2.2_i.

2. System proormre d_fferon_%al _n f]igh_ a8 nhown In
Figure 5.2.2_;l.

3. The eepara[_e purged :insulation oyo{:ems muo{: meet {:he _ollowin8
- pressure, flow, and _oak requirements following fJ, nal assembly'

__ Pressure (pslg) Flow Leak
j System Tes_ Inlet Outlet (scfm) (scfm)

Forward bulkhead Proof 6.0 6.0 - -

_ross leak 3.0 - - l.O

' : , Flow 4.0 0.5 2.0 -

' Forward skirt Proof i.5 i.5 - -

Gross leak 1.0 - - 1,0

, Sidewall Proof 7.0 7.0 - -

Gross leak 4.0 - - 1,0

- Purge flow 3.0 - - 3.5

Cylinder i Proof 2.8 - - -
Gross leak 2.7 - - 1.2

4. The environment to which the insulation system will be exposed

is defined in Paragraph 3.1.2.4 of CP621MO014A. Table 4.1.1-1
is an extract from that reference and summarizes the climatic
extremes of natural environment.

5. The insulation system must withstand strains impoqed by the

primary structure when the structure is subjected tc equivalent

unlaxlal stress of 55.000 psi while at a temperature of
-423 F. Thi_ is equivalent to strain of 0.0044 in./In.

6. The insulation system and associated primer and bonding system

shall protect the stage structure against corrosion from self-

induced or catalyzed causes.

b. Configuration: The insulation system selected on the basis of the

preceding requirements is shown in Figure 5.3.1.I-i a_,[ detailed

design is presented in Paragraph 6.1.1.

c, Performance: Performance of the purged base system was well within

! the requirements previously presented.
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[

1. C,round bo.lioff: Mo,',nuromont of L}I2 bollof, f was 110 pound_ par
minute wh!.t,l_ if_ oqtulvt_!OB_ to 4.2 parson: per hour.

2, ltont tranfif,_r t,_ t:lm Lfl2 in shown !n Figure 5,3.1.,!_2 for the
AS-506 ].ntmeh, Ih_iH: l_rrtnofor d_r_ing otlmr launehon varlod from
!3l},000 IH:U to 171100f} B_-u,

3, Snrfac¢_ t_,mpor._urt_n c_nporloncod dur.11_g t']:l, ght _f the f_LrOt four
S-I] nta_4_o aro nl,,a.m in F't_;tron 5.3.1.1_4, _5, -G for _ho
Jo_/lt:ionfl show1) In l:'|Hu_o 5.3,], 1=3.

5,3,],2 Foam Syot,.m

'l)(m_ont_tratton el' the, I:eJ_i,d_ll:l,.ty of tim prtm_,Ty _tructurai _yo_em on the
S=I[ stage, permt_tt,,d dt_lt,_hm of the structural system leak deeecClor,
requirement. The purged honuycomb system which :tncorporated elm leak
detection capability was then replaced by a sprayed=on polyurethane foam
insulation which met the primat'y thetnnal performance requirements and
reduced _tage welsh: by approximately 2500 pounds.

t

a. Detail Design Requirements:
>

i. Structurol Strains: The foam/primer system must withstand
i_ strains imposed by the primary structure when it is subjected

,i'" . to equivalent uniaxial strain of 0.0044 in./in, while at -423 F.

2. Corrosion Protection: The foam and any associated primer sys-
i

tem must protect the stage structure against corrosion fro_a

self-lnduced or catalyzed sources,

3. Coatings: A coating is applied to the exterior of the insula-
tion to maintain a white color and exhibit flome-retardant or

self-extinguishing characteristics. It must exhibit no,balloon-

ing and minimum debris when subjected to aerodynamic heating
and shear,

4. Thermal-Altitude Profile: As shown in Figure 5.3,1.2-i.

5. Flammability: The foam material must be flame-retardant to

reduce the fire hazards associated with the use of liquid

hydrogen and liquid oxygen propellants.

b. Configuration: The Insulation system configuration selected _o meet

these requirements is shown in Figure 5.3.1.1-2 and design details

are presented in Paragraph 6.1.4.

c. Performance: Performance of foam insulation system was well within

design requlrements, Table 5.3.1.2_2 shows a comparison of the

first two stages incorporating this sy_tem (S=II-8 and -9) with key

performsnce parameters and with performance of honeycomb base

f' systems.
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Figure 5.3.1.I-4. Saturn V Fllght AS-504
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Figure 5.3.1.1-6. SaturnV F11ghtAS-504
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Table 5.3.1.2-i. Insulation System Performance _

Parameter
I

Ground Bold LH2 Boiloff Allowable - 159 Ib LH2 per minute (6% per hr)
Prior Stages - ii0 lb Lll2 per minute
S-II-8 - 49.5 (MTF - cold day)

S-II-9 - 57 (MTF - hot day)

Flight - Total Heat to Allowable - 209,000 Btu

LH2 From All Sources Prior Stages- 140;000 - 170,000 Btu
S-:I-8 - 65,000 Btu

S-II-9 , 65,000 Btu

LH 2 Temperature at Redllne - -420.5 F
Engine Inlet at T-22 S-II-8 - -422.1 F
Seconds S-II-9 .... 422 F

.... ,!

LH2 Temperature at Allowable - -416,3 F (43.7 psla)
Engine Start S-II-8 - -422.0 F (T + 164 Sec)

S-II-9 - -422.4 F

5.3.1.3 High-Performance Insulation

_ The need to store cryogenic fluids for extended periods, particularly

in space, requires thermal performance greatly in excess of the

purged honeycomb base system or the foam system previously discussed.

Typical design requirements for a reusable system to store LH2 for
days in a space environment is discussed in this section.

a. Detail Design Requirements:

i. Study Application:

Tank Capacity (LH2) - 450 ft3

Tank Surface - 300 ft2

2. Environment:

Maximum Environment Temperature - +300 F

Vehicle Compartment Purge - GN2 with -60 F dew
point

Compartment Temperature - 21 F minimum to
115 F maximum

Multi-layer Insulation System Purge - He with -60 F dew
point during

cryogenic operations

!_ and reentry

5-21 SD 72-SA-0157-1
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Preconditioning Purge - 200 F GN2 with -60 F
dew point if required
prior to He purge and
cryogenic fill

3, Weight: Syatem weight including LII 2 bolloff to be minimized,

4. Operational: As shown in Table 5,3.1.3=1.

b. Configuration: A system utilizing multi-layer insulation in the

natural lay conLiguration was fabricated for test, as described
in Paragraph 6.1.10.

5.3.2 Propellant Transfer Lines

The principal requirement for propellant transfer lines is to enable

delivery of proper quantity of propellant to the engine pump inlet at
temperatures and pressures within starting and operating limits.

_,_ GeneralLy, the lines must pass through areas of extreme environments
and involve complex geometrical contours, dynamic segments, and

structural contours. Propellant flow rate through the lines vary with
stage operation. The key requirement for the insulation system is to

provide thermal protection to the flowing propellant within the lines.

,:,_ Typical flow rates for the J-2 engine on the S-If stage are 80 pounds
per second for LH2 and 400 pounds per second for LOX. _

5.3.2.1 Vacuum Systems

Vacuum-jacketed lines were employed on the S-If stage for both the LH 2

and LOX transfer. Design requirements were developed for the line and

evacuated Jacket as a single component. MC 271-0011 and MC 271-0010

present comprehensive design requirement listings; however, representa-

tive design requirements are presented in this section. Since the
vacuum insulation system is not separable from the line, the same

requirements apply to the vacuum Jackets that apply to the line. The

S-II configuration is discussed in Paragraph 6.2.1.

a. LH 2 }eedline and Vacuum Jacket:

Flow - 80 pounds LH 2 per second

Inlet Pressure - 88 psig

Pressure Drop - 1.15 psi for 80 pounds LH 2 per second flow

Heat Loss - 30.0 Btu/hr/ft 2 maximum with internal wall tempera-
ture of + 80 F.

Vacuum Jacket - i0 _5 microns Hg, not to increase more than

Pressure 150 microns in 30 days (jacket filled with CO2)

t,i
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Figure 5.3.1.3-1. Ascent Profile
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ACOU_TZC5ONLAUNCHPAD (E_-fiOOKENfiINES)

OVERALL 180[ rSOUND 170 OVERALL SPECTRA
PRESSUREleoF_
LEve_ lS_ _ • 2 _T

ROCKET NOZZLE _ X 100 FT

1 EXIT PLANE 2000'm,,,- X ZOO FT

o . loolso2oo .o"1ooo= = =

4000

VEHICLE LENGTH (FT) THIRD OCTAVE BAND CENTER
FREOUENCY (Hz)

LOAD FACTORS _4_, �X÷´�Œ�ìx

, +Nz

_ -.............CONDZT[ON NX(9) t Ny(g) NZ(g)
I I I| ' II

LAUNCH 1,5 0.5 -0.5

:, (BOOSTER
,i HIGH Q THRUST) 1.9 1,0 _1.0

t u llll ...........

END BOOST 3,3 1o0 -1.0
H| , |l i

(ORBITER
END BURN BURN) 3,3 0,5 -0,5

[i.i i ll=l,lil, . i

ENTRY -0.5 1.0 -2.0

+1.0
FLYBACK -0.5 1.0 -2.5

LAND|NG -1.3 0.5 -2.7
m ............ i,i

CRASH -10 0 -5
.... i tt

iiI Figure 5.3.1.3-2. Imposed DFnamic _nvlr0nment
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i'

(4 .,
Implosion Prosoure - Tho j_eko_ muot wi_hntand negative pronnure

differantia!, of 22 pot.

Operating Temporatura _ ,180 _o + 300 F.

Altitude = Sea _ovol to 820.250 ft.

Structural Movement - The feedllne assembly must bo capable of

deflecting from ins_alled posltlon as
follows:

The centerllne of the attached flange
(Point A) moves 0.30 inch maximum for-

ward and 0.30 inch inboard. Relative to

Point A, a second Poznt B located at
centerllne of the free end of the feed-

line moves 0.20 inch maximum toward

centerline of the vehicle and 0.500

./ inch af _.

li ._ Thermal Expansion - While fastened to the vehicle structure and
!_ without benefit of vehicle expansion, the

i line assembly must be capable of free move-

,,_:._ ment without binding the flexible bellows
joint when the llne assembly temperature is j_
increased from 70 to 300 F or decreased
from 70 to -425 F.

Operating Life - The line assembly must be capable of

successful performance during and after all

conditions of test, checkout, prelaunch
operation, and flight for a minimum of ],500

cycles, A cycle is defined as the movement

described previously.

b. LOX Feedline and Vacuum Jacket:

Flow - 400 pounds LOX per second

Inlet Pressure - 88 psig

Vacuum Jacket - I0 _5 microns Hg, not to increase more
Pressure than 150 microns in 30 days (Jacket void

filled with CO2).

Implosion Pressure - The Jacket must withstand negative pressure

of 22 psi.

Heat Transfer - 45.0 Btu/hr./ft. 2 of external surface with

internal temperature of -320F and external

temperature of 80 F.
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Oporating Temperature _ _180 to + 160 F

Altituda - Se_ lavol to 820,250 ft.

Thermal Change = With the line a_embly _tabllized at
room temperature and fluid temperature
of minus 300 F introduced at the inlet

flange, the line assembly must be
capable of stabilizing at 300 Y without
leakage or permanent distortion.

5.3.2.2 Batting

Design requirements discussed in the preceding section are based on

delivery of cryogen of acceptable quality to the engine pump inlet. The
complex geometry associated with routing feedlines from the tank inter-

face to the engine interface generally involves elbows, flanges, valves,

timbal points, and structural attachments. Each of these are potential
/' heat shorts.

I In cases where vacuum-jacketed systems cannot be utilized in total or
in part tO meet the basic thermal protection requirements, other insula-

tion systems can be employed. Battings, as described in Paragraphs
_r 6.2.3 and 6.2.4 can be used.

Design requirements related to system performance and environmental

conditions remain the same, with the additional requirement that all
material be LOX-compatlble.

On the S-If stage silica batting encased in thln-gage CITES was used to

encase the LOX sump, elbows, and portions of the lines not insulated

by vacuum-Jacketed system. This design is discussed in Paragraph 6.2.3.

5.3.2.3 Foam

The use of foam insulation to reduce heat leak into the feedlines offers

numerous design advantages, particularly in the areas of complex geom-

etry and where closeout must be accomplished after llne installation.

An example of such application is the feedline elbow insulation on
S-II stage.

Design performance requirements remain the same as previously defined;

however, there are additional requirements related to the compatibility
of the foam insulation and the feedllne material.

a. Structural Strains: The interface bond between the foam and the

feedllne surface must withstand strains imposed by the feedllne

when pressurized and deflected to maximum limits while at -423 F.

b. Corrosion Protection: The foam and any associated primer syst_,
i

must protect the feedline surface against corrosion from self-
induced or catalyzed sources.
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c. Flamm_blltty: The team material must be flamo_retnrdant to

reduce fire hazard" nm_oclated wtth _he une of liquid hydrogen and
ltqutd oxygen.

d. Configuration: This design is discussed in Paragraph 6.2.6.

5.3.3 High Temperature Protection

There are specific areas on the S-II stage which require protection
from high temperature as experienced during boost. These areas include
the thrust cone area (structures, hardware, and electrical components
and containers) which is protected by the rigid and flexible heat shield

_! insulation systems and the interstate structure which is protected by
_ bonded cork and spray-on ablative insulation materials. Design require-

ments for the insulation systems are defined in this section.

5.3.3.1 Rigid Heat Shield

a. Detail Design Requirements:

i. Temperature: Temperature of heat shield surface (hot face)

facing plasma heating Is as shown in Figure 5.3.3.1-1. Cold
face temperature is not to exceed 300 F at the end of 500
seconds of S-II boost.

2. Pressure: Pressure within the heat shield composite must not

exceed a maximum of 0.i psi differential.

3. Vibration: Loading on a panel due to vibration will be limited

to the values gi_,,.nin Figures 5.3.3.1-2 and 5.3.3.1-3.

b. Model Configuration: This eonflgura_ion is shown in Figures
6.3.1.i-I and 6.3.1.1-2.

e. Performance: Temperatures of the heat shield and structure were

well within the design limits on all flight stages as illustrated

from typical data taken from instrumentation on AS509 (Figures

5.3.3.1-4, -5, and -6).

5.3.3.2 Flexible Heat Shield

A flexlble portion of the heat shleld is required to prove a seal

between the rigid shield and the engines or other elements that move.

a. Detail Design Requirements: Temperature and pressure requirements

are as shown in Figure 5.3.3.2-1.

b. Model Configuration: A model of the flexible heat shleld is shown

in Figure 5.3.1.1-1. Methods of attachment of the shield are shown

in Figure6.3.4.1-2. For S-II-I through S-II-12, the flexible heat

shield (flex curtain) is made up of a composite of $994 glass fabric _
and high silica batting. The composite is sewn together with glass
thread. Vor S-II-i3 _ Refrasil fabric replaced the glass fabric.

Quartz thread was used in place of glass thread.
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Figure 5.3.3.1-i. Temperature Profile for Rigid Heat Shield - One Engine Out
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Figure 5.3.3.1-4. Saturn V Flight AS-509 Predicted Maximum
Heat Shield Temperature
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Ftsure 5.3.3.1-5. Saturn V Fltsht AS-509, Thrust Cone Forward

Surface Temperature
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:I Figure 5.3.3.1-6. Saturn V Fllght AS-509, Thrust Cone Forward

Surface Temperature
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_1_ ,

The ox_e_or nurfac_ of the af_ nk_ and $n_o.r_taga n_ructuro, n are
exposed _o aarodynamic heating dur_Bg launch,

a. Do_tsn Requirements: The nyntomo must be capable of limiting _ho
skirt structure to a maximum temperature of 230 F during ,_Ii[ booo_
and to a max,,mum of 500 F during the first 30 as.rends of S=ll burn,

This configuration ls applicable to S=II=l through S=II=13 as discussed
in Paragraphs 6.3.6 and 6.3.7. It was noC required on S=lI=14 and
S-II-15 because removal of ullage motors and fairings reduced hearing
and because a heavier skirt structure wan used on these ,last ewe nCage_.

b. Performance= Temperatures a_ measured on AS®501 to AS=503 are
shown in Figures 5.3.3.3-1 ar, d -2. The temperature in each case
was below that predicted. No temperature sensors were located
on subsequent vehicles.

I;

c. Performance: Performance of the flexible heat shield was assessed

with the rigid data. Performance data are as described for the
_, ri$id heat shield.

/TRANSDUCER
h....I AS-S0| FLIGHTDATA / CI66-_U0
2-,--.2 AS-S0| FLIGHTDATA
3.----3 AS-$03FLIGHTDATA

' "'; " : .... DESIGN PREDICTION HEAl IN A__ORK I......... POST-FLIGHTPREDICTION - :....
I

soc I I I I
S-II STATION 95 INCHES
? ZIMUTH 179DEGREES

40_ '-" RADIUS ,00 INCHES ......

o ,,, [ ..... I SECON.-_tAN.tStP_A,ION --1
LIFTOFF FIRST*PLANtStFARATION-+'1 /s / I .....I I 1$._ ,t

-101 - - 25 - 50 75 100 1_ i_10 175 200
i, RANGETIME(SECONOS)

._ Figure 5.3.3.3-I. Interstage Stringer Cap
' 5.3.4 Other Insulation Systems
,i

! 5.3.4.1 Thermal Protection for Avlonle Equipment

;_ Insulation is required for thermal protection of subsystem components

_-I that are subject to extreme or variable ambient temperature environments

while intem_ittently releasing energy themselves. Prime examples of - '
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_h!o ar_ _hn Aquipmont con_alnarfl _hal: houoo electrical compensate nuch
an tha_o _hown in F!gurnn 6,4.?..!_1 a_d _2, Thin henri, on dincunn_n
don!gn r_qu_romon_ f.r !nmdatlan of ouch can_ainnrn.

The lnou_a_on nyn_em mnn_ provide pra_a_lan tlurhJg ground ho_d, Jaunch,

and npa_o opova_t_on_ for the elaa_rlenl eompont_nt_ while they are
operating and .,un_ provl.de heating wh_le the eomponcm_n a_e not operating,
_cncra_y _ho heaving 1,_ provided by wa_ purge tat3 ouppliod by ground
ouppor_ equipment. The pao_vo _noulat_on oyotam requ&romen_n are
8enorall, y mo_ by proper oelec_ion of maCortalt_ and container design w:l_h
adequate o_rue_ural tzite_rt_y.

Requiremon_o for containers typical of gho_e um_d for S=II launch stage
are presented. Only _olec_ed systom_ are described; however, require=
meets for all container_ can be obtained from SID 62=137. Typical
requtrementfl are:

a. Temperature Limits

H,mt

Dissipation
Protected System System Temperature (OF) (Watts)

: Propellant 0 _o +140 115

electronics i_
Radio command O to +140 23

Signal condition 0 to +140 156

Talemetry 0 to +140 498

Instrumentation 0 to +140 215

Flight control -65 _o +150 0

b. Purge Pressure Differential - 0.2 psi maximum

c. Electric Consumption - The airborne system will function without
solenoid valves and without electric heaters.

d. Purge Gas - To insure compatibility with ground service equipment

the system will use air for cooling and nitrogen for heating.

.... e. Stage/GSE Disconnect Pressure - 1.5 psig for both air and nitrogen.

f. Environment (Typical s-II)- As shown in Table 5.3.4.1-1.

For application to missions involving operation in the space environ-

ment for up to 24 hours, such as the INT-21 launch vehicle, additional

requirements are imposed. The electrical components must function
during orbital operations both before and after cryogens are expended.

During orbital operations, design guidelines are materially different

5-40
SD 72-SA-0157-I

00000002-TS8] 3



_J_4 Space DivisionNorth Amorl_*tn Rockwell

41" '

=,. ...... , .- ,+s. • .... _ -

.... remA_A,m_.,tS°lViD m=mIS-l,S-lm
emm,o .....................

am con_, Wl_O cO_AI_R WlmtO
LqL4XlMUMTIMID 11_qP[IIATUR[(FI I_P[AATUI__ _MPF.RATUR_iF| I_P(RATUR[il_

MINIMUM MAXIMUM MINIMUM MAXIMUM MINIMUM MAXIMUMMINIMUM MAXIMUM

CIi¢K0UT14IQUI_! 30 tOO 20 t00 20 t01) 30 150

PRO.AUNCH112HOUASI "40 0 "gO 0 0 40 0

[NOIN[CHILL "i_ _6 "!80 "!_ =* 4) **
(t0MINUt[S)

S-ICBOOST -t_ =66 =SS 40
li5_iSECONDS)

S-II BOOST BASEHF.ATINOINAFTARIA(8TU/R_S[CI "

OI_I_P.ATING COI_AI_EI_+,,+ MANIFOLD

O_U(I_AUMTIMID COHV._IIV[ RADIATIW CONWCI'IW RADIATIVi[

S_mTON_.m_RO0SECI t.0 0,2_il 2,,6 " O.N

5,_1PMR 0,19 0.14 0,16 0,_
020SiC)

SKIRTOFF di,TitPMR
Ill/SiC! O,3t| O.IM O.1_ 0.C98
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from ground opera_ion_. For example, external temperature i_ a
funetlon of vehicle attitude with respect to the _un and the earth and

control is required either by orienting the vehlc]e or hy ancillar F
electric power for heating or by combination.

The dealgn configuration is shown in Figure 6.4.1.1-i and -3. NR

Report SD 70-687 defines requirements for all electrical containers.

Design requirements for insulation of typical electrical systems, such
as on INT-21, are:

a. Electrical Component Temperature - 0 to i40 F.

b. Purge Pressure Differential - -0.2 psi maximum during ground
operations and launch.

c. Purge Gas - To ensure eompatlbility with ground support equlpment

the purge system will utilize air for cooling and nitrogen for

heating during ground operations. Stage/GSE disconnect pressure

-_ , must not exceed 1.5 pslg for both air and nitrogen.

d. Ground and Boost Temperature Environment - As shown in Table
5.3,4.1-i.

e. Heater Electric Power (typical) - As shown in Table 5.3.4.1-2.

f. Equipment Temperature and Duty Cycle - As shown in Table 5.3.4.1-3. _

5,3.4.2 Membrane Seal

Purge gases may be utilized for thermal protection of critical areas

where complex structural geometry creates severe fabrication or

installation problems, such as the juncture between the forward skirt

and forward LH2bulkhead on the S-If stage and described in Paragraph

6.4.2 and shown in Figure 5.3.4.2-1. Generally in application of this
type the void volume boundaries are structural members but closeouts
are required in one or more locations. In Figure 5.3.4.2-1 this is
shown as the membrane seal. The principal design concerns for a seal
of this type i_volve retention of purge gas while permitting movement

between the structural members. Other systems or program desires may
also impose requirements on design.

a. Hazardous Gas: The system must be purged with a non-condensible
inert gas during all cryogenic operations.

b. Purge Pressure: Purge pressure across the membrane seal[must not

exceed 0,I psi. (On the S-If this pressure represents collapsing
pressure on the bulkhead, therefore, constraints are imposed that

require the LH2 tank to be pressurized before the void is
pressurized.)

c. Debri_ Protection: The membrane seal must prevent introduction of _
debris into the protected area.
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Figure 5.3.4.2-1. Forward BulkksB8 Uninsulated Ares Cross-Section
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Table 5.3.4.1-2. Power Demand for Heaters

Z Axis
Forward Con=alners Y-POP* Toward Sun

Forward i, .......................
i
i

221 None None

225 None None

D(225) None None

E(225) None None

F(225) None None

Aft

206A31 100 watts None

._' 209 None None

" 207 None 150 watts

210 None None

214 None None

,, A(210) None None

B(206A31) 150 150

C(206A31) 150 None

Max Total if all 400 watts 300 watts

heaters go on at
same time

Average (duty cycle)

206A31 73 watts (73%)

207 86 watts (58%)

B(206A31) 45 watts (30%) 96 watts (65%)

C(206A31) 120 watts (80%)

Average total 238 watts 181 watts

(depending on duty cycle)

*Y-Axis perpendicular to orbit plo,_e with vehicle nose forward.

d, Water Exclusion: The seal material must prevent passage of water

through it but may pass purge gas. LeakaGe must not occur with
water head less than 3 inches.
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Table 5.3.4.1-3. Deelgn Roqu_remento and Equlpmenc TernperaCureo

i

Ca_AINliJt INSULATION SURFACE ATTITU0[ TF.MP[RATURE f.J.l[CTmICAL
NO. COATING & SIDE"* NEATI_S

i

•E5 X )66 .1_ X X X S ˆ�,• 0
X 186 .129 X X X 5 + 76f ",.IDF 0
X )66 .i_ X X X ? _I06F ' 0
X 186 .|_ X X X 7 + 74F _ 86f 0

•" "0" X !:_ .S X X X ! * 3: F -- 0
" X 6 .5 X X X 1 ��d�4�`�0

X 12 .$ X X X 5 * 15F * 0
X 6 ,5 X X X 5 _ 7IF 0

'T' X !i .5 X X I X S + ITF . 0

X 11 .S X X ,. X r +14f * _ 0

• :,_. 'qP X 347 .lZS X X X 4 +IIOF • 0

X )41 .!_ X X X 6 +I0) F • J 0

< Ii X 108 .125 X X X 4 " 0

X IM ._ X X X 6 '_5TF " I 0

.4NiM! )t 8.5 .5 'X X X X, X S * 8f * 97F 100 /I X
X &S .S X X X X X t * 20F !È�8�`�0

N _ X 16 ,15 X X X X 9 * MF !¼�8�\�0
X 16 .2S X X X X .3 ', 8F '*IMF IN M X

NO X 162 .5 X X X X S + S)F " 0
X 162 .S X X X X 7 + 51F • 0

:: 110 X 226 .1_ X • X X X 2 " 0
X 2_ .l;5 X X X X 1 +IOOF * 0i

X )_l .125 X X X X X 2 +_ F * 0
' ;114 X )M .12'; X X X X X I .12)F • 0

X 172 .'J X X X X S cMF _f 0
{ A X |72 ,5 X X X X 7 *M f 444 e 0

i , , •, ,,. i, ,,
X 0 ,5 X X X X X 4 .8 f *_ f IS uh X

_. II X 0 ,$ X X X X X i ',8F 4,1Sf 190 M X

i x 0 .s x x x x x 6 ,St:" , IS m xC X '0 .5 X X X X X I 4'IOF . 0

it
i ,D(NOTESTi_T ALLORPARTOF[QIIIP_&'NTIN 11415CONTk|NERIS INOP[RATI_ AFTERAPS BURNFORSPACEOA_ OR54! BOOSTfOR 5PACESTATION
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6.0 INSULATION DESIGN

The £nsulation systoms defined in this section are divided into the following
categories: cryogenic storage, cryoganie transfer, high-temperature protec-
tion, and other insulat_un systems.

An effort has been made to include all significant insulation systems used on
the Saturn S-II. In additionp a number of insulation systems defined in

technology studies are included. The intent has been to provide basic infor-
mation that could be used as an aid in selecting the best insulation system
to satisfy specific mission requirements. To this end, the following aspects
of each insulation design are discussed in brief, with references included to
sources of more detailed information:

a. Description

b. Application

-_ c. Thermal performance

d, Structural performance

e. Materials and processes

i_ f. Manufacturing

g. Quality assurance

h. Repair and maintenance

i. Reliability

J. Safety

k. Design effectiveness

6.1 CRYOGENIC STORAGE

6.1.1 Hellum-Purged, Foam-Filled Honeycomb Core System

6.1.1.1 Description

The helium purged, foam-filled phenolic honeycomb core insulation system wa_

developed for application on the external surface of the liquid hydrogen tank
of the Saturn S-II and was incorporated on S-II-1 through S-II-7. The use of
a helium purge to provide an inert atmosphere and to preclude ingestion of
condensable gases also allowed the practical fabrication of an insulation
composite with less than a perfect external surface seal. The thermal conduc-

_ tlvlty of this ineulation is essentially the _ame as the thermal conductivity
of the helium purge gas.

The design details are shown in Figure 6.1.1.l-1. The basic insulation con-
sists of a foam-filled phenolic honeycomb core composite bonded to the tank

6-1

SD 72-SA-0157-1

e_ j

00000002-TSC06



_L_ Space DivisionNorthAmericanRockwell



| II III

W

#i_ Spece DivisionNorth American Rockwell

wall and a non-permeable nylon/Tedlar facing sheet bonded to the external
surface of the foam-filled honeycomb core. Saw cuts are provided at the tank
side of the foam-filled core to provide a flow path in the insulation panel for
the helium gas purge.

Detail A of Figure 6.1.1.1-1 shows a method for closing out between two insula-
tion panels. This eloseout Was used in the areas of the tank structural welds

where access was provided for inspection.

Section B-B of Figure 5.1.1.1-1 shows a method for sealing the edge of an
insulation panel. This edge seal, which consists of a balsa wood backup strip

and a nylon/polyurethane laminate, also was used as a seal to isolate insulation

purge areas.

Detall D of Figure 6.1.1.1-1 shows a potted-ln threa_ed insert (hardspot) used

to provide an external attachment facility on the tank. HardSpots were used

for supporting such items as wire harnesses, plumbing lines, and small aero-

synamlc falrlngs. When the applied loads exceed the structural capability of
..... the hardspot, a standoff spacer was utilized to obtain a tie into the tank

structure. Detail C depicts a standoff spacer design.

5.1.1.2 Appllcatlon

_i_: a. Utilization: The principal advantage of the helium-purged honeycomb/foam

? external insulation system is its ability to provide acceptable thermal

_- protection while simultaneously monitoring leakage of the enclosed primary

structure. It is applicable to launch vehicles with operation and con-

straints similar to the S-If stage.

The system is also usable for ground storage tanks containing hazardous
cryogens where the purge gas wlll provide indication of leaks and permit
dilution to a safe llmlt. Similarly, since the purpose of the purge gas
within the insulation is to preclude intrusion of ambient air, the system
can be utilized on applications which require long storage in non-benlgn
or hazardous ambient environment.

Thermal performance of the system closely approximates that of the purge
gas. Nomlnally, this is satisfactory for applications in ground operations
and for short periods during launch but it is normally not acceptable for
space operation.

b. Performance Characteristics: This insulation system was utilized success-

fully on seven S-If flight stages. LH 2 boiloff during ground test was
measured at 110 pounds per minute (68 F ambient temperature). This repre-
sented an improvement over design allowable of 151 pounds per minute (6 per-

cent per hour). Performance in flight was also better than required, with
total heat leg. into the LH2 calculated in the range of 140,000 to
170,000 Btu for the seven flights.

_!- c. System Limitations: This system was developed to meet the requirements
of the S-If stage program as discussed in Section 5.0. The materials and
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m
configuration8 are limited to m_xlmum tempnTa_r_ of +365 F and p_sur_
differential of 6.8 psi on the outer faclu_ sheet of the insulation durln_
fllght.

d. Design Problems: The design of an insulation system of thlo coufi_u_,tlo,
is reasonably simple; however, manufacture can be complex. Deoisn, the_e_
foret must consider the enhancement of produclbillty. Selection of mate=
rials and tradeo_f of detail configurations mus_ consldor _he effect_ of
succeeding manufacturlngoperatlons including bonding temperature, pressure,
time, and geot_et_.

Principal design problems experienced during development of the S-II insula-
tion system are summarized in Table 6.1.1.2-1.

Table 6.1.1.2-1. Insulation Problems and Solutions

Problem Solution

_; Debond between outer facing sheet and I. Double tape adhesive in thickness
honeycomb core during manufacturing to provide better filleting
test and on stage around edge of honeycomb core

2. Increase pressures to preclude
bridging of non-uniform areas in

_ honeycomb '!

Selection of outer laminate thermal Select outer laminate with prop-
compatibility erties to match deflections im-

posed by primary structure; the
dimples which result from the
applled vacuum during fabrication
are helpful in relleving thermal
stresses

Effective closeout bond (local multi- Initial design over closeout area
contour surfaces and bonding to was effective seal but difficult

: Tedlar) to install; design changed to
silicone adhesive which was easy
to install but failed when sub-
Jected to cryogenic temperature
because of gaps in the honeycomb/
foam substrata; final solution
was to use wet layup design
(Detall A of Figure 6.1.1.1-1)

Inspectability (complex contours and Prepare designs to exclude areas
hidden bond lines); Handling of where bond lines were not in-
Tedlar (wrinkles and pinholes) spectable after cure; utilize

special handling procedures and

protective devices g!
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Problem _olu_ton

Deboud and voidB in bond line (tm- 1. Use _ood In-protons eon_rot dur-
proper outface ¢leanlns, loon of trig manufac_urln_
bonding preooure, adhesive overage,

adhesive thickness not controlled) 2. Train personnel properly In
organic processing

3, _ere complex contouro required
uon-inspectable bonding, provide
backup _mpport or minimize local
loading; establish in process
test followlng cempletlon of
bond

Damage to exterior surface 1. Provide backup protection in
purge system

_ (mechanical, access through insula-
.... tion, Chermal) 2, Provide means for identifying

location and extent of damage

3. Provide repair procedures

i ..... Identification of Open cells in foam 1. Conduct test program to define

(volume of purge gas, overpressure in volume of contained gas in foam'- flight, influence in leak detection) lots used

Material selection (thermal, strain 1. Determine material properties in
compatibility) laboratory for design by analyt-

ical techniques

2. Employ analytical design tech-
nique using authoritative mate-
rial properties data for tempera-
ture range anticipated

3. Conduct test program to verify
_' integrity of analytical design

Debond from tank wall (thermal stress, 1. Select adhesive to match thermal
primer system) contraction of tank well

2. Insure thickness of bond line is
below maximm allowable

3. Inaure continuity of adhesive
interfaces

4. Insure compatibility with primer/

,ii _ adhesive system
....................... i ,. , ,l ,,, , q ii lli_L

6-5

: : SD 72-SA-0157-1 '

O0000002-TSClO



¢_W Space DivisionNoahAm__iJoanRockwell

i
o. Do_n Vori_cn¢ion Tonte: T_ con4uc_ed _o vnri_y nd_quocy of _he

d_oign simulated eondl_$ous by nlmul_onoouol_ apply_nfl dlff_ron_al p_
ou_o, aorodynamio _ompnra_uro, and vlbr_t_on p_ofilea _o _ho _poclmon
which was hold o_ LH_ _omporaturo. Hooul_n wore successful _n _hroo
conooeutlvo toots (B_D 66=361).

Figure 6.1.1.2=i shows the reaulta of one o_ these _oa_o. Anticipated
pressure and _emperature profiles are shown as dashed lines and the
conditions experienced by _he speclmon are shown as solid lluoo
(Reference 20).

Subsequent tests also wore successfully conducted eo demonstrate adequacy
of closeout designs and the adhesive used to bond the outer facing ahea_
to the honeycomb core. A surface temperature of 530 F was experienced

without_ailure during profile heating (Reference 21).

Extreme temperature tests also were conducted. Specimens were subjected
to surface temperatures of 700 F at simulated altitudes of sea level,
50,000 feet, 100,000 feet, and 175,000 feet. Charring was e_ertenced in
the outer laminate but ignition was not experienced (Reference 22).

Based on these tests, the system was ¢onsldered satlsfactory for flight.
Qualification was demonstrated by successful performance in operation.
A total of 64 cryogenic operations were experienced by the system on two

test stages and seven flight stages. I

6.1.1.3 Thermal Performance

The thermal performance characteri#_tlcsof this design ere given for a tank

containing LH_ which is subjected ,:oboth ground-hold and launch environments.
The hot day g_ound-hoZd environment used is defined in Paragraph 4.1.1.2. The

,: launch environment used is the hea_ing rate developed from the maximum aero-

Ji dynamic heating trajectory for the LOR mission shown. The thermal character-
istics presented apply to large areas of basic tank sidewall insulation.

The effective Insulatlon system thermal conductivity as a function of tempera-
ture is p_esented in Figure 6.1.1.3-1. The mean value used for thermal
performance characteristics is presented in Figure 6.1.1.3-2. The maximum
external surface temperature of 364 F occurs near S-_l ignition. The maximum

heat rate to LH2 of 0.i Btu/ft2-sec. occurs 160 seconds after the maximum
surface temperature. The themal delay is due primarily to the heat capacity

of the insulation system. The predicted total accumulated heat to Lll2 is
approxlmately 40 Btu/ft2 for the assumed mlss_on profile.

Cold day minimum surface temperatures, maximum temperature gradients and
structure temperatures during tank preconditioning, propellent filling and
detanking, and protuberance heatin_ effects in localized areas are important
thermal performance characterlstlc;_related to insulation design. A detailed
discussion of the thermal performance and predicted temperature is presented

in Section 7.3.1. .b

6-6
SD 72-S&-0157-1

O0000002-TSC 11



_4_t SpaceDlvt_lonNarthAmenc.anRo_kwnll

- 6-,i
SD 72-SA-0157-1.

00000002-TSC12



_ SpaceDivisionNorthAmer=canR_ckw_.ll

_r,

Q
mO

U_

|

6-8
SD 72.-$A-0157-1

00000002-TSC13



_4 Spac:eDivisionNorthAmorocanRockwell
.



#_ Space DivisionNerlhAmericanRockw_.ii

6.l.l.4 Structural Performance

Since the primary function of thle Insulatlon system is to provide thermal
protection, it is not intended to be a primary 1oad-carrylng structure.
However, etresse_ are introduced into the Insulation system as a result of
thermal 8radlents throush the Insulatlon thickness, dlfferences in thermal

contraction and expa_slon rates between the dlf£erent materials, LH2 tank
internal pressures, and internal pressure within the honeycomb core.

This insulation system must have strain compatibility with the LH2 tank.
During fill of the LH2 tank, the tank contracts diametrically. T_e honey-
comb insulation system is required to match the strains and deflections of the
tank resulting in stresses in the honeycomb core, nylon facing sheets, and
adhesive layers. These stress levels are increased as the tank is pressurized.
Helium purge gas also is circulated throughout the honeycomb core which results
in a positive pressure within the honeycomb core during tanking and testing.
A positive pressure also is exhibited during venting in the launch ascent
phase.

Since the honeycomb insulatlon is of lightweight construction and is continuously
bonded to the tank skin, the dynamic properties and response of the insulation
is the smne as the tank skin. Hence, stresses resulting from dynamic effects
are negligible for this type of insulatlon system.

Of prime importance from a structural analysis standpoint for this type of i_insulation system are:

a. This insulation system utilizes organic materials which exhibit a vlsco-
elastlc behaviour different from normal elastic behaviour of metals. The

structural analysis of organic materials is discussed in Section 8.0.

b. The thickness of adhesive layers must be sufficient to insure proper
bonding between the core and nylon face sheet in order to sustain the core
internal pressure loading. Local debonds propagate rapidly when subjected
to differential pressure loadlng.

c. The effective modulus of the honeycomb composite was reduced by the dimpling
which resulted from the vacuum applied during fabrication. This reduction
in the effective modulus results in a reduction of the stress levels in
the insulation system.

i_ 5.1.1.5 Material and Processess

i a. Materials:

I. Honeycomb: The core is a non-vented 3/4-inch cell fabricated of glass
! fabric, Impre_aated with a heat-reslstant phenolic resin (MB0130-014),

1 2. Foams:

I_ (a) A low density (2.0 Ib/ft3), rigid, polyurethane open-cell foam

:1 (M_0Z30-015).

'| (b) A l_w-density (3.0 Ib/ft3), polyurethane pour foam (M30130-069).

I 6-I0 .
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, 3. Film= A polyvlnyl fluoride mater_al (NB0130=024),

4. Fabric=

(a) Woven nylon cloth _l_pr_Bn_tod with phenolic resin (MB0130-023),

(b) Scrim-type 81ass clo=h (MBOI35-O08).

(c) Woven nylon cloth (M_0135-021).

5. Prlmers:

(a) Two-part phenolle epoxy resin base adhesive primer system
(MB0120-032).

(b) Solvent-carrying phenolic-epoxy primer (MB0120-047).

(c) A modified polyester/isocynanate adhesive primer system
(MB0120-042).

(d) A zinc chromate_ titanium dioxide pipented epoxy amine primer
(MB0125-047).

-_ 6. Adhesives=

(a) A fcamin 8 tape adhesive system (MBo120-014).

(b) A modified epoxy adhesive paste and primer system fMB0120-023).

(c) A polyurethane resin system (MB0120-024),

(d) A thlxotropic paste adhesJ_e system (MB0120-026).

(e) A foaming paste adhesive system (MB0120-030).

(f) Epoxy-phenollc glass fabric supported tape adhesive (MB0120-048).

(g) Epoxy adhesive system (MB0120-O08).

b. Processes: Materials used for fabrication and installation of the basic
insulation honeycomb panels were storedt handled, and processed in
accordance with Section II.0.

i. Fabrication of Basic Insulation Honeycomb Panel (MA0605-003):

(a) Fabrica_ion of Face Sheet: The facing sheet consists of two
laminates of woven nylon (MB0130-023) and an outer laminate of
polyvinyl film (MB0130-O14) to act as a barrier against air
permeability. The laminates are placed on the forming tool
individually and visually examined for wriukles prior to adding
the next laminate. A vacuum of 26 inches of mercury is applied
to the lamlnate composite to remove any entrapped air between

6-11
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th_ l_lnate_. The curing of =he l_inate facSng shoot requ_re_
that the composite he held at a temporatarc of 340 F for 90 to
120 minutes. To prevent voldo occurring between laminate_ and
to allow normal removal of the reaction product_, the temperature
is applied over a period o£ 40 to 180 minute_. A vacuum of

24 inches of mercury must be maintained through the temperature
cycle and until the composite has cooled down to a temperature
of 150 F. _intaininc the vacuum till 150 F prevents excessive
warpage of the composite. The vacu_ system may be augmented
with a pressure system. To prevent excessive squeeze-out of
resin the combined vacuum and pressure systems cannot exceed
45 psi.

(b) insertion of Foam Material: The foam (HB0130-015) is inserted
into the honeycomb core (RBO130-O14) by allowing the core cell
walls to cut through the foam. The location of the foam in the

thickness of the honeycomb core should be established to avoid

interference wlth the dlmpllng of the face sheet. The dimpling
...." in the face sheet st,ess relieves the bond between the face

sheet and core during pressurization and tank structure expansion

I or contractiO,rt. At this time the grooves for distribution of the

purge gas should be machined Into the composite of foam and
honeycomb core.

(c) Assembly of Details: Honeycomb core segments are nested or over-, i
lapped as shown in Figures 6.1.1.5-1 and 6.1.1.5-2 and b_n(,_d in
place with either of the foaming-type adhesives (MB0120-0%_ or
MB0120-030).

The face sheet is bonded ¢o the honeycomb core using a heat curing

adhesive (MB0120-048); the cure temperature of the composite is

335 F for 45 to 75 minutes. The curing temperature is reduced
to 290 F when the face sheet is bonded tu uhe core after the core

has been bonded to the tank structure. The time at the reduced

temperature is increased to 180 Co 200 minutes. The reduction in

temperature assures no reduction in the mechanical properties of

the tank structure, for both temperature cycles a minimum of
20 inches of mercury is applied and held until the composite has

cooled to a temperature of 150 F.

2. Installatlon of Basic Insulatlon Honeycomb Panel (HA0606-027)

(a) Preflt of Details: The panel faylng surface is tailored to effect
;i, a honeycomb core-to-alumlnum surface contact over the entire bond-

ing surface. An impression check is made by substltutlng a
ii O.015-1nch-thlek Moslte sheet to represent the thickness of the

adhesive.

(b) Prim, Applicatlon: The surface of the metal structure is

sprayed with an adhesive primer (MB0120-032) to an air-dry thick-
hess of 0.5 to 1.5 mils. The primed structure is air-dryed a _i
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Figure 6.1.1.5-i. Purge Groove Patterns for Spllce Areas
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minimum of 30 minutes between coats. This £s to permit evapora-
tion of the solvent from the primer. The primer is cured for
180 minutes at a temperature of 290 F.

(¢) Panel Installation: The panel is bonded to the tank structure
with an epoxy adhesive (MB0120-048). The cure can be done in
either an oven or autocl _. When the oven is used, a vacuum of
20 inches of mercury min_.._m is maintained. When the autoclave
is used, the total pressure is maintained between 10 to 15 psi.
Any combination of vacuum and augmented pressure may be used
provided that a minimum vacuum of 5 inches of mercury is maintained
to remove any outgassing products from the curing cycle. The
cure temperature in either case is 290 F for 180 minutes and
remains under pressure until cooled to a temperature of 150 F.

(d) Installation of Closeouts: The adhesive (MB0120-023) for bonding
the ¢loseout is applied to scrim cloth (MB0135-008) for adhesive
thickness control• The net weight of the adhesive and scrim

_' cloth must not exceed 0.28 gram per square inch. To assure proper
adhesive wetting of the metal surface, a uniform coat of adhesive
is applied prior to application of the adhesive-impregnated scrim
cloth. The total weight of adhesive applied to the metal surface
and scrim cloth is not to exceed 0.45 gram per square inch. The

,-_:,_, cure temperature of the closeout installation is 60 to 90 F for
_ 48 hours while under a vacuum of I0 to 20 inches of mercury• The

vacuum may be removed after 12 hours into the cure cycle.

3. Installatlon of Inserts (MA0606-027).

! (a) Type I inserts are unthreaded steel spacers bonded to the tank
wall with a polyurethane adhesive (MB0120-024)

i (b) TyFe II Class I inserts are threaded steel inserts usually
anchored into cast epoxy (MB0120-008).

4. Fabrication and Installation of Organic Edge Seal (MA0105-049):

(a) The organic edge seal consists of three laminates of woven
nylon (MB0135-021). Each laminate is brushed with polyurethane
resin (MB0120-024) before and after the addition of each layer to
remove air bubbles and excess adhesive from _he completed layup.
A vacuum of 4 to 20 inches of mercury is applied and the areas
carefully wiped with a cloth dampened with methyl-ethyl-ketone
(MEK). The seal may be leak-checked after 48 hours at ambient
temperature (70 F minimum); complete cure of the adhesive requires
seven days at ambient temperature.

6.1.1.6 Manufacturing

a. Ceneral Description: The helium-purged, foam-filled phenolic honeycomb
insulation is a relatively complex system of prefabricated and bonded
composites that are Joined by hot 5ondimg using high-temperature curing
(340 F) film type or pre=impregnated adhesives. These prebonded composite
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i: subassemblies are bonded to the contoured quarter-panels of the tank wall
prior to beln8 welded into the tank cyllnder using the same hot bonding
adhesive system. The cylinder panels are approximately 80 inches wide
by 26 feet long. The major portion of the S-If insulation was installed at

the cylinder quarter-panel level because the hlgh-temperature curing had
to be accomplished in large temperature-controlled ovens. Panel sizes

were generally dictated by material size limitations as well as size

, limitations of machine tools,processing tanks, ovens, and autoclaves.

,i_ Insulation for the forward bulkhead involves basically the same manufactur-
i! Ing steps except the mold line was more dlfficult to shape because of its

compound contour. All honeycomb composites and subassemblies were bonded

_;!i as gore segments in compound contour tools similar to the slde panel tools.

I Final bonding of the gore-segmented composites was made to the total bulk-head at one time utillzlng a large (36-foot diameter) clamshell autoclave

and a tailored sillcone rubber vacuum bag.

After tank assembly and weld Joint inspection, insulatlon closeout panels,

Joint seals, doublers, and hard spots were bonded-in-place using various
room-temperature curing liquid adhesives. These operations are somewhat

" simpler than the large panel installation because they required no high-
temperature curing and were accomplished in localized areas by skilled

hand layup mechanics.

Bonding pressure, when required by specification, was generally applied _J

using vacuum-bagglng technlques, making it possible to obtain even bonding
pressure over the entire part up to approximately 14 psl. Pressure require-

ments in excess of 14 psi required use of an autoclave or mechanical pres-
sure. The latter is not recommended unless there are no other alternatives.

A manufacturing flow for the side wall operations Is shown in

Figure 6.1.1.6-1.

b. Tooling and Equipment: The primary tools required for this insulation
system consist of bonding tools and trim and locating templates. Typical

contoured bonding tools and curing oven used on the S-If program are

shown in Figure 6.1.1.6-1. Flat panels and detail subassemblies were laid

up and bonded using flat tooling plates.

Major equipment used was a large oven (15 by 12 by 30 feet) for side wall
bonding and a 36 foot diameter clamshell autoclave for the bulkhead bondlng.

6.1.1.7 Quality Assurance

a, Raw Material Valldatlon: Perlshable raw materlals are tested perlodlcally

to verify continued conformance to specification requirements. See

Table 15.3.1.4-1 for the level of testing performed on raw materlals

applicable to thls design.

b, Subassembly Process Control:

i. Application of Primer (MB0120-032 and MA0105-045). #
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Figure 6.1.1.6-I. llelium Purged Insulation lloreycomb, Foam Filled :
tlanufacturing Sequences -',

(Sheet 1 of 3) _ i

!
r,,, 1

6-17,6-18

,_D 72-SA-0157-I

FOT,lhOITT 1_A_I'_, C_

O0000002-TSE02



.... •, _, ,, °,_. o u..... " ,,, ___i__-_

O0000002-TSE03



O0000002-TSE04





t

lye LAV_ e_
_+_. ,, 4_ , I

• i

ql

¢ A |

_. flail "_i_livl

\ ,-._,:_ *'L', .T_ : . '._ ,
\

• "l"i_ll+l"wi i

I

Itlit

POT,T_OIT_PI_AM_, +
::,., ...... .,=.+ • T.+................... . ..... . . ........... ::...... :++-, ................. _,+_

.... .+. .... + ..... . ++:++_:+-+ +_ . ...._+,,-_ .... -_--_+++,'--'_-.+'_r-_+:+ + _'++.... +-++- +-'+:--+-_--++ _+,._..:.+.7+g, _---:-- :: :.:::7 :._+<:_.:_<7 D +<_+:_ ..... . . . +_._..+;,_ ,<7_..___+ff.__-+. +,:...... ++2-+:° /]+,++,+:, ° + + . - i1o +,° +.... + ,+++_ ,+:o,,,o+

O0000002-TSE06





OvE _ CU__

f_

O0000002-TSE08



Figure h,l,l,h-.l,

O0000002-TSE09



_ Spac, a DWl_ltm

©

:_,_J.

Figurt, 1_.1.1.6-.1, Helium Purged Insulation Honeycomb, Foam Filled elHanufacturing Sequence8

(Sh(.et 2 of 3) "'1

6-19,6-20

FOT,'r)oTJT FI_A_tI__ sD 72-SA-0157-1

I _ l ..... ..... ;: ii I

O0000002-TSE ] 0



i

f '_,,_' _

• I'_l_ i_ I c,;_<_ ;'. ,I_ _,_'_ ,il_4 ' bx _5Ti_.i,_ _._',%_I_,,,_ _ r',_.___v'.?,,:,_ _,Tt:_ iON I_IF_l_i_

" 1m_'' • l, i_-" i - + , _'#%

! . ! I

I_ 12PITIL TEI',_Ai_-_JLOh _ L l.Ii li ,t.',- % - ....._ ,. _l_- . 't"

ti I'll ' l''li I I _-i_-

\ _ ii-i .... ' 'z _lIEk TU_U_,I

CUT, HOLES .IN IN_ULATION - _EQUII_.ED O,N CYLINDEIL_ _, _3 PI_NEL_(

I_OT,T)OI.J"rFItAME, I

O0000002-TS E11



.%

o .
I

k ........ /-'_¥+',_ _.=_

T_OTJ30__RA]MI_,

O0000002-TSE12



FOLI)OtrrFRAME,_

.................. :..... "_----?-:..::--",-u,m_.__ .... _-_Z.-::'::._-:::'<_ .... :/-T ''T'_"........... -"

O0000002-TS E 13



11

1_OLDOTJTFRAT_,A_

O0000002-TSE14



i

T,1_Ot,_FRAMe, -_

O0000002-TSF01



i _ I

-- : _ ................................... _ ---..-..-..-..-_-_.... ..... _ " :..'-__i "-'..... _"

O0000002-TSF02



_lb_ Space DivisionNorth,_P,_can Rockwell

J;_ L_ .

Figure 6.1.1.6-I. Hellum Purged Insulation Honeyco=b, Foam Filled _i,i:
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(a) Surface Preparation; All cleaning solutions and facilities were
' verified to be within specification requirements and functional

prior to each cleaning operation (MA0610-002). Final verifica-
tion of proper surface preparation was made by pH test and
verification of a water break-free surface.

(b) Application: Prior to elevated temperature curing, primer thick-
ness was verified by the use of a Fischer Permascope.

(c) Adhesion: Process verification coupons were processed simultan-
eously with the production part. Lap shear strength (using
production adhesive) was verified.

2. Fabrication of Basic Insulation Details (MA0605-003).

• (a) Visual Inspection: All finished details were vlsuelly inspected
for:

J (i) Proper dimpling of facing laminate

(2) Barrier fllm holes

_,, (3) Broken nodes

_ (4) Unfllled core cells

(5) Foreign objects

(6) Wrinkles

(7) Core/lamlnate voids

ib) Coupon Proof Pressure: A test coupon with a minimum unrestrained
test area of 12 inches by 12 inches minimum, was fabricated

simultaneously with the production part. The coupon was pressur-

ized to 15.5 _ 0.5 psl and held for 15 minutes.

(c) Subassembly Proof Pressure (MA0201-1930): Following successful

testing of the coupon, the production subassembly was pressurized

with nitrogen gas. The subassembly was pressurized to 1.5 pslg

and a bubble fluid leak check was performed. The part was
subsequently pressurlzed to 15 peig and held for 15 minutes.

3. Installatlon of Standoff Spacers and Threaded Inserts, (MA0606-039).

(a) Visual Inspection: Inspection was limited to routine verification

of proper adhesive-foam mix, cure cycle minitortng, and dimensional
verification.

(b) Leak Check: Completed installations were pressurized and leak-
checked, using the bubble fluid technique, (MA0615-003).
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(c) Torque Test: Threaded inserts were torque-tested with the
maximum installation bolt torque.

4. Installation of Organic Edge Seals, (MA0105-049):

(a) Visual Inspection: Installations were verified to be free of

holes, fractures, blisters, delamlnations, resin-starved areas,
and foreign inclusions.

(b) Leak Check: Completed Installations were pressurized and leak-

checked, using the bubble fluid technique.

5. Installation of Insulation Closeouts, (MA0606-027):

Visual Inspection: Process control and visual inspection were essen-

tially identical with those described previously. The significant
difference was that closeouts were associated with structural weld

Joints which had been left exposed for inspection following pneumostat

_ of the tank structure. Because of surface irregularities associated

with welds, each section of closeout insulation was subjected to a

Mosites 1440 silicone rubber impression check. A uniform "footprint"

was required prior to final bonding operations.

c. System Checkout, (MA0201-4265): Followlng completion of all subassembly

installations and insulation closeouts, the entire basic insulation _
composite was subjected to a final functional checkout. The inspection

sequences consisted of a comprehensive visual_ vacuum bell test of suspect
areas, leak check, flow check, proof pressure test, and final leak check

and visual inspection.

1. Vacuum Bell Inspection: The entire insulation system was visually

inspected for uniform cell outlines in the facing sheet, damaged

cell nodes, and discolored facingsheets which may have resulted

from temperature extremes encountered during the cure cycle. All

identified suspect areas were subjected to a localized vacuum bi=ll

check at a vacuum of 20 inches Hg for one minute. All discrepancies

were repaired prior to system pressurization.

2. Leak Check: The insulation system was pressurized to 3 psig and leak-

checked using the bubble fluid technique.

3. Flow and Proof Pressure Test: The syste_ was then pressurized to

7 psig in accordance with the tlme/pressure sequences noted in
Figure 6.1.1.7-1. Purge gas flow was verified to be within engineer-

ing requirements. If excessive leakage was detected, the pressure

was dropped to 3 psig and the leak check repeated.

4. Final Visual: Nhen all leak, flow, and proof pressure requirements
were met arid while the insulation system was pressurized, a visual

inspection for the following was performed: _.

(a) Appearance of bubbles or bllsters on the outer skin greater than

0.75 inch along the major dimension.
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I¢''

(b) Loss in skln-to-skln honeycomb bond over two cells.

(c) Appearance of raised areas greater than 2.5 inches in diameter (or
three cell widths) that indicate core-to-alumlnum voids.

If none of the above conditions was noted, the insulation system was
accepted by Quallty Assurance.

7 S-II-1 THRUS-II-7
• LEAK

='-- _"_..._ 1.0 + 0.2 •

31-" _'.J. I ' VEHICLEg-- p$1 -,_

--_2 L_ "_ P 2 MXNTYP

'I tljl_'4-L..TIME FORVISUAL INSPECTION(TYP)

=TE: T,. SA.E.,.J,
Figure 6.1.1.7-1. Pressure Schedule

-; 6.1. i.8 Repair and Ralntenance

s Repair: All repairs require HaterJal Review Board approval.

I. Repair procedures (HA0606-040): The specification gives the repair
procedure for gas barrier film, laminated face sheet, and honeycomb
core. The part or assembly is restored to the design and structural
intent of the insulatlon system.

2. E_ergency Repair (HA0606-049): This specification establishes emer-
gency repair procedures for use at Kennedy Space Center when the
vehicle is on the launch pad. These repairs are not intended as

permanent repairs and are used only when time does not allow use of
the regular procedures.

b. Maintenance: No special maintenance is required.

6.I.1.9 Rellabillty

Two failure modes were identified: leakage and insulation separation. Results

are preelented in Table 6.1. i. 9-1.
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Table 6.1.1.9-1. FF_A-_oneycomb0 Foam Filled, Hell,m P_rgnd

Subsystem Failur_
or Co_ponent Hods MIos_on Effects - Remarks

Forward Bulkhead ILeakago of No redltne for this circuit. Decrease
Hot-Bonded Hellum Purge Gas or loss of purse gas would permit

.i Insulatlon through Rupture _n cryopumplng of GN2 used to purge the
_, Laminate $-II/S-IVB interstage. Cryopumped
i_ !GN2 poses no structur_l problems.

Should detanking be required_ the
:_ rapid volatilization of LN2 may
: damage the insulation_ but-no hazard
i_ would result. (NR Report SD-IL-

:_ LH2 Tank Side- Leakage of Hellum Possible mission scrub. Requires
,_ Nall Insulation, Purge Gas increased topping rate of LH2. Loss

....... Hot-Bonded of helium purge. Possible formationof llquld air in LOX-sensitlve insu-
lation. Increased boiloff and pos-
slble shortening of mission.

,._., Debonds from LH2 Possible mission abort. Increased
Tank boiloff resulting in possibly exceed-

ing vent valve capacity and excess
tank pressure.

Cold-Bonded 5evcs Away Possible mission abort. Increased

Closeout From LH2 Tank boiloff. Possible formation of
Insulation liquid air in LOX-sensitive insu-

lation.

6.1.1.10 Safety

a. Fabrication and Installation: During the fabrication and installation of
parts and components of this insulation system the operations are con-
ducted in accordance wSth the applicable sections of Industrial Safety
Operations Standardsm Pub 543-G-36_ Rev. 11-68. Emphasis should be placed
on Section VII0 Industrial Operations0 in this manual.

Toxic_ caustiep and flan_able materials are used and these operations
should be performed by individuals who are trained in their proper use
and who carry a valid certification of this training.

Fla_able dust and debris result from the fabrication and installation of
honeycomb insulation. To minimize the fire hazard and to prevent contam-
ination of working surfaces housekeeping and area cleanliness should
receive concentra_:ed attention.
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Care Is used du_Ing the Inntallatlon of componen_ parts of this system
_o Innure that no damage is done to ¢o_ponents thac have been tnntalled.

b. Honeycomb Insulation U._ Th¢_ functional tooting o£ honeycomb insulation
systoms will include a l,r,_,,foprossure _est of 125 poreent o£ the maximum
oporating pra_sure.

The appltod honoycomb is rel,_ttvoly fragile and damage is oasily incurred
after installation. Whon th_ oxtarior surface is struck by heavy objects
the facing sheet can be delaminated and lead to further delumination by
the "zipper" effect when the sidewall is pressurised. Care should be
exe_:clsedin the use of honeycomb to insure that no damage to the insula-
tion surface is sustained.

The helium purge gas should be verified to be free o£ contamination prior
to use. When used to insulate hydrogen tanks 2 percent oxygen in the purge
gas could combine with leaking hydrogen to form an explosive mixture.
Contamination of any gas with the helium wou_d condense on tank surfaces

.... and solidify and block purge passages or provide a pressurizing source that
could separate the insulation from the tank when the solidified gases
warmed up and vaporized.

The purge gas should be introduced into the cavities in quantities suffi-
:,,:,i,¢ cient to insure that negative pressure does not develop in the honeycomb.

" When the sidewall is exposed to cryogenlctemperatures the purge gas will
<, contract. A positive pressure within the honeycomb is necessary to insure

that minute cracks or openings that are otherwise acceptable will not allow
condensable gases to be forced into the purge channels by atmospheric
pressure.

The chilldown rate and propellant fill rate of the tank should be carefully
controlled to prevent the contraction of the tank wall from introducing
stresses at the bond line that will separate the honeycomb from the tank
wall.

After each cryogenic exposure the exterior surface of the honeycomb insula-
tion should be inspected for damage. Any damage should be repaired and
tested prior to another cryogenic exposure.

6.l.l.ll Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are considered
to be an indication of the installation complexity of the insulation sys-
tem and are derived from internal Manufacturing department records. The
following hours consist of fabrication, installation, and assembly effort
and are an indicator of relative cost: 17 hours per square foot.

b. Schedule: The total schedule covering an insulation system will include
procurement time, subassembly time, installation time, and checkout time:

Procurement time - 14 weeks.

Subassembly time --6 weeks.
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Installa_iou time - ]5 weeks.

Checkout _Ime = _ week.

c. Wolghtt The total as-lustalled weight of the 1.6-1nch-thlek Insulatlon
systea is 0.8971 ib/ft 2. The outer laminate Is 0a0546 ib/ft 2. The honey-
camb core/foam for 1.6-1nch-thlck is 0.5853 Ib/ft _. The adhesive weight
Is 0.2400 Ib/ft 2. The outer Tedlar seal is 0.0172 ib/ft 2.

d. Performance= The thermal performance (q) of this insulation system ta
250 Btu hr-ft 2. The pK of the system is 0.447, where p is density in
units of lb/ft 3, K is conductivity in units of Btu/hr-OF-ft. PK is a
rating factor in units of lb-Btu/h=-OF-ft 4.

6.1;2 Honeycomb, Evacuated, No Filler, Bonded

6. i. 2.1 Description

- A unique application of the honeycomb sandwich structure exists on the common
bulkhead of the S-II Stage. An overall view of the structure is shown in
Figure 6.1.2.1-!; assembly details are given in en_ineering drawings

! V7-313102 and V7-313106.

t_ The primary function of the common bulkhead is to provide structural Isolation
between the LOX and LH2 tanks. In addition, the co.,,on bulkhead performs as

::_ an insulator between the two cryogens. The insulating quality is attained
through the hellum-filled honeycomb core. Improved thermal efficiency is
achieved by evacuation of the bulkhead prior to launch.

The common bulkhead is a bonded sandwich assembly employln8 aluminum facing
sheets and flberglass-phenollc honeycomb core. The core cell walls are
perforated to perform three functions:

a. Permit ready distribution of the helium purge gas over the entire internal
volume of the conmon bulkhead.

b. Provide evacuation path for the common bulkhead dur_g cryogenlc operations.

c. Provide leak-check capability of either facing sheet. Schematic of the
purge and leak detection circuit is shown in Figure 6.1.2.1-2.

6.1.2.2 Application

a. Utilization: This system is applicable for minimizing heat leak in areas
where _tructural geometry is the primary design factor. Optimum design
of a launch vehicle requires that the weight of the primary structure be
minimized with respect to the weight of the propellants required for the
mission. The configuration of the Individual fuel and oxidizer tanks and
their arrangement within the overall vehicle _ust be structurally optim-
ized if minimum weight is to be achieved. On the S-II stage this was
realized by nesting the two t_nks so that a single shell or bulkhead can _
be shared between them. This common bulkhead eliminates the weight of one

:i
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, / BULKHEAD"

Figure 6.1.2.1-1. Honeycomb Base System Evacuated, No Filler, Bonded

bulkhead plus the tntertank structure. Generally, it is necessary t!mt the
bulkhead be a composite structure if maximum strength and minimu_ we Lght
i8 to result. On the S-IIstage, this design provided a weight-saving of
approximately 10,000 pounds and 230 inches in stage length over a separate-
tank conflsuratlon (SID 66-44).

Where the bulkhead separates cryogenic propellants such as LH2 and LOX,
however, there is the additional problem of thermal isolatton: It is
necessary, therefore, that the core be made of non-conducting materials
and that it be designed for minimum comp_,exlty in production.

The walls between adjacent cells are perforated and by proper arrangement
of segments and bond lines, any desired purge gas path can be established.
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Figure 6.1.2.1-2. Schematic of Common Bulkhead Purge and
Leak Detection Circuit

Figure 6,1.2.1-2 shows a path selected to allow the major portion of purge
gas to wash rapidly across _rltlcal weld areas before exiting for early
leak detection analysls.

To minimize the heat loss from the LOX ullage gas across the bulkhead into

the LH2. the bulkhead was evacuated _uring cryogenic operations° Nominal
pr=ssure at llftoff is less than 0.1 psla (SD 69-98).

Thi_ system can be applied to 8round storage systems or to land or sea
transport systems where structural separation is a prime driver. It is
not recommended for application where heat transfer is the primary driver;
however, it can be used in conjunction with other high-performance insula-
tion systems such as internal radiation barrier for dewars. _'
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-_ b. P_gfot=manee Chgggctertstlas= This aylt_n wga used au_¢_o_fully o_ a].l _-_
flight a_agan and _hree teat n_afleo, Te_to specifically to m_sur_ thermal
performance of this system were not eonducted. Hea_ l.eak of 1$65 Btu
woo predicted during latmch of the fl=_I otago (8_D 6fi_13fl) and galculattono
fr_ the liter ii fllghto indicate total, heat lens woo wall below allowabl_

e. Syotem Limitattonot Tbto oystem was developed to meet $-XI syotom require-
moses as deocrJbed in Section 5.0. Primary limitations are dictated by
structural integrity and iC to, therefore, necessary to restrict introduc-
tion of LH2 once the forward skin until th_ proper temperature d_atribution
across the bulkhead is realized as a result of ahillin$ to LOX temperature
on the aft skin. For the S-II, it is required chat the temperature at the
lower edge of the forward skin be -160 F with 75 percent LOX load before
LH2 can be admitted (SID 66-1465-7),

d. Design P_obZeuts= Large areas of adhesive must be laid up within the time
allowable for film adhesive to remain at room temperature. Nork must be
carefu!ly preplanned and practices run ¢o insure adequate time for
contingencies.

It is also important that proper tests be conducted to insure no permeation
through either the forward or aft skin prior to the start of bonding opera-
glens and a check must be made following final assembly.

Tests also must be conducted to insure proper distribution of purge gas
prior to bonding the forward skin.

Each bulkhead skin experiences a degree of buckling near weld lands
which must be taken into account in fitting mating honeycomb core. This
requires careful measuring of contours which is converted to machining
data by computer.

e. Design Verification Tests: Tests were conducted to verify structural
adequacy of the common bulkhead. A total of 100 limit pressure cycles
were applied in the burst direction and 5 cycles in the collapse direction
(STD 66-44).

Tests have been conducted co measure the leakage into the common bulkhead
on 15 flight stages and all have been within acceptable limits.

6.1.2.3 Thermal Performance

The thermal performance characteristics of this design are given for a common

bulkhead beteeen the LOX and LH2 tanks. The analTsis is restricted to predict-
ing the heat transfer rate and accumulated heat transfer from LOX to LH_ for
the mission profile defined in Paragrap_ 4.2.2.3. The si_nificant driver for
insulation design is chilldown of the COX ullage in the LOX tank.

The effective thermal conductivity of this insulation system as a function of
residual helium gas pressure in the bulkhead is presented in Figure 6.1.2.3-1.
The theoretical derivation and experimental verification of this curve is
presented in Section 7.4. For the S-l! application, the insulation was
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evacuated to approx_mctely 3 psSa. The corresponding K val¢a _a 0.04 Bt_/hr,
F-ft. and the predicted heor tra._fer rate 1_ 12.7 Btu/hr_ft 2. The hoar

tranofer to LH2 aerooo _he _n_ulatod port_on of the ©non bulkhead _s16,650 Btu during the _ 7_ m_n_on. ThiQ 3o approxinmtoly 7 percent of the
Lfi 2 tank total. For the 7_-21 and other S=TZ applteat_onn, Further evacuation
of the lnoulatiou io rose,ended to letter the effective thermal condgctJ.vtty
and reuniting heat transfer. For ex_ple, a reduction tn preoouro to 10=4 Tort

reduces the equivalent LH2 botloff rate from 63 to 15 lb/hr.

6.1.2.4 Structural Performance

In addlt:ionto functioning _s an $n_ulation oystem between the LH2 gad LOX
tanks,the perforated honeycomb core also functlon8 as a primary Ioad-carryln_
structure of the common bulkhead.

The honeycomb sandwich has three discrete elements: the two face sheets and
a honeycomb core. The core, in addition to stabilizing the face sheets,
carries all the shear loads normal to the plane of the sandwich and direct
tension or compression loads non, a1 to the sandwich. The S-_I common bulkhead
was subjected to a wide range of pressure loadings (both collapse and burst
conditions) and temperature gradients. To support structural analysis of the
common bulkhead, a sophisticated analysis method and computer program was
developed.

The important structural considerations In the selection of the honeycomb
. . core were:

a. The core had to be thick enough and have sufficient shear rigidity and
strength so that overall sandwich buckling, excessive deflection, and
shear failure would not occur under design loads.

b. The core had to have high enough modulus of elasticity and the sandwich
had to have great enough flatwise tensile and compressive strength so
that wrinkling of either facing would not occur under the design loads.

c. The core cell spacing had to be small enough to prevent dimpling of the
facings under design load.

1
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6.1.2.5 Materlal and Processes

a. Materials:

i. Honeycomb: A vented glass fabric honeycomb core, impregnated with

heat-reslstant phenollc resin, 3/16-1nch cell size and 4.0-1b/ft 3
density (MS0130-018).

2. Fabric: Reinforcing glass fabric (MB0135-009).

3. Primer: Solvent-carrylng epoxy primer (HBO12Q-047).

4. Adhesives:

(a) Modified epoxy zdheslve paste; not to be used for honeycomb
sandwich face-to-core bond (MB0120-034).

(b) Foamlng-tape adhesive system (MBOI20-OI4).

(c) Thlxotropic paste adhesive system (MB0120-026).

(d) Ep0xy-phenollc glass fabric supported tape adhesive (HB0120-048).

_,.... b. Process: Material used for fabrication and Installation were stored,

handled, and processed in accordance with Section ii.0. The sequence of
Bonding Operations for Common Bulkhead (Y_0606-013) is as follows:

i. Subassembly Core Splicing: The bonding tool is used for fabrication

of the segments (V7-313128) of honeycomb core (HBOI30-OI8), The

splice Joints of the core in forming the segments are trimmed net or

slightly oversize. To prevent rolling the edges at the spllce Joints

during the bonding cycle, the maximum mismatch allowed is 0.080 inch.
For mismatches above the allowable, one ply of adhesive (MB0120-048)

=_ is applied for each 0.020 inch above the allowable.
i

!_ In areas of purge barriers or core stability, a thixotropJc paste

_ (MB0120-026) is injected into the cells of the core until filled. To

] facilitate the injection the paste may be warmed to 120 F. The
assembly is cured at a pressure sufficient to assure core alignment

- and continuity of the aft core surface. The recommended cure temper-

ature is 300 F for one hour. To prevent excessive warpage the pres-

sure is maintained until cooled to 120 F. Upon completion of cure,

all voids are filled with a modified epoxy adhesive (MB0120-034) alld

cured for 12 hours at room temperature.

2, First Stage Bonding Prefit: The 12 segments are assembled in the
bonding fixture with a sheet of 0.016-inch polyvinyl chloride film

between the segments and the aluminum aft face sheet. It is desirable

to have a slight interference at the Joint of the segments when
assembled, The mismatch at the outer Joint is f_Ired by hand sanding wt_-.

to a maximum mismatch of 0.025 inch, Pressure is applied to the _
assembly and placod in the autoclave for an impression check to the
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film. The assembly is subjected to a temperature of 200 F for a
minimum of 10 minutes. The assembly is allowed to cool to 120 F or
less before the pressure is removed. The segments are removed and
the vinyl film is checked for core impression. Core areas which are

filled with adhesive or paste will not pEoduce an impression• These

areas are identified so additional adhesive is not applied during the
bonding. In the other areas, additional layers of adhesive are

applied for subsequent bonding operation.

3. Primer Application to Aft Face Sheet: The surface of the metal struc-

ture is sprayed with a primer (MB0120-047) to an air-dry thickness of
0.5 to 1 mi!. The primed structure is air-dried a minimum of 30 min-

utes between applied coats. This is to permit evaporation of the
solvents from the primer. The primer is cured for one hour at 150 F.

4. Honeycomb Core Installation: Core segments are assembled on the adhe-

sive in the same location with respect to the aft skin as during
prefit

5. First Stage Bonding: A vacuum of 20 inches of mercury is applied dur-

ing traqsportation from the assembly area to the autoclave to prevent
movement of the positioned honeycomb segments. After the assembly is

placed in the autoclave a total pressure (vacuum plus augment) of

_ 30 psi is maintained throughout the cure cycle. The temperature is

raised from ambient to 230 F, restrlc_ing the temperature va_latlun to
:- 40 F between the hottest and coldest thermocouple and 20 F between

adjacent thermocouples. The temperature is held at 240 F until the

variation of 10 F is held among all thermocouples. Maintaining 10 F
variation among thermocouples, the temperature is increased to 260 F
and held for 12 hours, then cooled to 120 F. Any time the aluminum

face sheets are subjected to elevated temperatures the variation of
temperature among thermocouples is monitored. The variation of tem-

peratures was determined by test to prevent distortion of the assembly.

6. Machining of Outer Surface of Core: The outer surface of the core is
machined to dimensions derived from measurements of the concave sur-

face of the forward face sheet.

7. Prefit Forward Face Sheet: This procedure is the same as that
descrJbed in Item 2.

8. Primer Application Forward Face Sheet: This procedure is the same as
that described in Item 3.

9. Second Stage Bonding: This procedure is the same as that described
in ItPJn 5.

6.1.2.6 Manufacturing

I a. General Descrlp_on: The common bulkhead was dlfficult to fabricatei : because of its siz_ (33 feet _n diameter) and spherical shape• The for-

ward and aft face sheets of the sandwich were complete sheet metal
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C

bulkheads that had to be measured accurately in more than 8,000 places.

These data were later reduced by computer to machining data for the machin-
ing of the tapered core. The core was tapered from 4.5 inches at the apex

to less than 0.2 inch at the lower skirt. The accuracy of the mold line

match was required to stay within 0.010 inch, the tolerance of the adhe-

sive film thickness. This matching toleranc_ was verified through several

vinyl film impression checks which simulated the adhesive film and the

total layup and autoclave procedures, all of which was very time-consuming

and yet necessary to assure a void-free assembly.

All of the phenolic honeycomb core was purchased in the pre-contoured shape
and in segments approximately 4 feet square. These squares were prefit and

edge-bonded to make larger gore-segmented subassemblies which were later
bonded directly to the aft bulkhead facing sheet. The many bonding

sequences for this insulation system are shown in Figure 6.1.2.6-1.

It should be noted that if this insulation concept were used on flat or

cylindrical assemblies the manufacturing considerations would be consider-

ably simpler.

b. Tooling and Equipment: The primary tools required for the S-II common
bulkhead were:

,_ i. Compound contoured core layup and bonding tools.

2. Compound contoured core edge trim tool with diamond dust cutting _
wheel.

3. A large (33-foot diameter) bulkhead bonding fixture.

4. A large (33-foot diameter) tailored vacuum bag for bonding pressures.

5. A (33-foot diameter) bulkhead tracing and measuring fixture,

!_ 6 A (33-foot diameter) vacuum bell handling fixture for the aft bulkhead
!_ skin.

i-} 7. A bulkhead turnover fixture required for the chemical cleaning and

i priming operations.

il used for the bulkhead operations consisted of:
The principal equipment

i_ I. A large (15- by 12- by 30-foot) curing oven for core bonding.

_ 2. A 36-foot-diameter clamshell autoclave for the high-pressure bonding

operations and primer curing.

3. Spray chemical cleaning facilltles sized to clean the forward and aft

facing sheet bulkhead prior to primer application.

>
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6.1.2.7 quality Assurance

a. Raw Material Validation: Perishable raw m_erials are tested periodically
to verify continued conformance to specification requirements. See

Table 15.3.1.4-1 for the level of testing performed on raw materials

applicable to this design.

b. Subassembly Process Control (MA0606-013).

i. Core Detail Subassembly Inspection: The entire HRP honeycomb core
system employed in the common bulkhead was fabricated from small

details lald up on tooling contoured to match the configuration of the

'- aft facing sheet. Each detail was inspected for proper edge dlmen-
sionand core splice mismatch.

2. First Stage Bond Prefit: The core details were assembled on the aft

facing sheet using a O.Ol6-inch thick sheet of polyvlnyl chloride (PVC)

_i_, film between the core and the facing sheet. The assembly was vacuum
" bagged and installed in the autoclave. A total pressure (vacuum plus

autoclave) of 15-18 psi at 200 F was then applied for a minimum of

i0 minutes. A uniform impression of core on the PVC film was required

prior 6o first stage bonding. Specific core impression requirements
were established (MA0606-013).

_ 9. First Stage Bond: Routine controls (defined in Section 15.0 of this

i "_ report) were invoked for cleaning of details, primer application,

! equipment integrity, and cure monitoring. One unique aspect of the

!. bonding operation was that the total adhesive lay-up operation required
i_ considerable time while employing an adhesive system stored under
!_ refrigeration. The cumulative time between removal of the adhesive

__ from refrigeration and final application of heat to the bonded assem-

i_i bly was monitored and controlled. As an added safeguard, all adhesive
:_ validation prior to fabrication of a common bulkhead was conducted .

employing maximum open assembly times allowed for the production bond-. ing operations.

4. Evacuation Purge Flow Check (MA0201-1837): This flow check was per-
formed Just prior to the second stage bonding operations. A trans-

parent plastlc film was used to simulate the forward facing sheet.

The objective was to verify that complete free flow through the honey-

comb core was achieved uniformly through all sub-clrcults. The basic

setup is shown in Figure 6.1.2.7-1.

5. Second Stage Bond Pre-Fit: This pre-flt operation was conducted
essentially the same as the first, except that the forward facing sheet

was in place and the total pressure was 22-25 psi at 200 F.

6. Second Stage Bond: Quality control provisions were identical to the

first stage bonding operations.

,_ "_ 7. Process Verification Coupons: Process verification coupons were fabri-
cated slmultaneously with the production assembly. Where applicable,
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NOTE: THIS FIGURE TO BE USED ONLY AS A GUIDE FOR THE TEST SET-UP

Figure 6.1.2.7-1. Vacuum Flow Test Nlth Transparent Cover on Core

coupons represented the same surface preparation, storaEe= handllng,

open assembly time, and cure cycle as the production bond. The tests
cunslsted of:

(a) Lap shear strength

(b) Honeycomb flatwise tensile strength

(c) Honeycomb peel strength _",

i
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c. Quality Verification of Final Assembly:

i. Nitrogen Flow Check (MA0201-1837): Following thQ second stage bonding

operation, a nitrogen gas supply was connected to each sub-clrcuit, as

shown in Figure 6.1.2.7-2. At a supply gas pressure of 3 psig, the
stabilized flow through each sub-clrcult was verified to be at least
2 scfm.

ALL PORTS CAPPED EXCEPT
0 CIRCUIT TESTED

0

0

O.

0

D

FLEX HOSE .-..-._TO ARB|ENT
(TYF)
PRESSURE
REGULATOR

T FLOWMETER
GN2

-"'_TO LEAK DETECTOR
3.S PSIG

RELIEF VALVE

NOTE: THIS FIGURE TO BE USED OIIL¥ AS A GUIDE FOil THE TEST SET-UP

Figure 6.1.2.7-2. Pressure Flow Test After Forward Tank Structure Bonded
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2. Vacuum Decay Tast (HA0201-1837):As a final inspectionof the seal
integrityof the bonded assembly_a vacuum decay testwas performed.
The test setupwas as shown in Figure6.1.2.7-3. The assemblywas
pumped down to 100 mm of Hg, pump sourceshut offD and vacuum decay
rate measured. A maximumdecay rate of 130 mm of Hg/hourwas allowed.

ALL PORTS CAPPED
EXCEPT
TEST CONNECTIONS

0

_ 0
= ABSOLUTEi,

;J
i O SURE

! GAUGE
(TYP)

DISCONNECT
(TYP)

PI,
0

• 0

-- i.L Ira.u,........ ' VALVE

]OSRTOBEUSEOONLY _ _ ',TYP)

NOTE: THIS F|GURE

AS GUIDE T

L VACUUM PUMP

Ftsure 6.1.2.7-3. Vacuu._Decay Test .,."! q

1
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3. Ultrasonic Zns_ection: Ultrasonic inspection (Mq0501-0Z0) was
performed prior to final Quality Assurance acceptance of the completed

assembly. All potential leak paths were masked and sealed with a

chloroprene-.type strippable sealer to prevent entrance of the water

couplant employed in the inspection. A 100-percent C-scan recording

was made of the entire assembly.

6.1.2.8 Repair and Maintenance

The common bulkhead insulation system was part of the structure of the stage;

because of the structural requirements_ no In-process _epairs were written.

All discrepancies to the bulkhead required full Material Review Board approval.

6.1.2.9 Reliability

Three major failure modes are identified: core collapse, skin rupture, and

leakage. Results are presented in Table 6.1.2.9-1.

Table 6.1.2.9-1. FMEA--Honeycomb, Perforated, Evacuated

Subsystem or

Component Failure Mode Mission Effects Remarks

: Common Core Collapse Tanks exceed differential pres-

Bulkhead sure capacity, bulkhead collapse,

Rupture For- probable exp¢osion
ward or Aft
Skin

LH2 Leak Scrub launch, sufficient purge
will reduce danger on pad. Dur-

Ing fllght - LH2 boiloff
increase, solld oxygen will

form_ possible bulkhead rupture
and vehicle loss.

LOX Leak Scrub launch, sufficient purge

will reduce danger on pad.

During flight - fire hazard due
to LOX sensitive phenolic core.

....... ,i ,,,

6.1.2.10 Safety

a. Fabrication and Installation: Safety requirements are the same as those

described in Paragraph 6.1.1.10.

b. Insulatlon System Use: The honeycomb interior of the common bulkhead is

• ,_ not available for visual inspection. This fact places limitations on the
i_: " utilization of chis insulation system.
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Care should be taken to insure that no contaminants are introduced into

the honeycomb through purge or leak test lines. Once introduced, the
contaminants would be difficult or impossible to remove and the insulating
qualities would be reduced.

The large area of the common bulkhead makes it mandatory to conduct the

preloading chilldown and leak tests to specification requirements. 'fhe
transition from a warm bulkhead to LH2 and LOX temperatures could intro-

duce thermal stresses that could lead to rupture if the chilldown were

too rapid. The leek test after chilldown is to verify that no cracks have

developed.

6.1.2.11 Design Effectiveness

a. •Cost: The manufacturing direct labor hours per square foot are considered

to be an indication of the installation complexity of the insulation sys-

tem and are derived from internal Manufacturing department records. The

following hours consist of fabricatlonp installation, and assembly effort

.... • and are an indicator of relative cost: 12 hours per square foot.

b. Schedule: The schedule flow times for this insulation system are:

;_: Procurement - 12 weeks.
;_

,_ Subassembly - 4 weeks.

!_ Installation - 6 weeks.

_=_ Checkout - i week.

c. Weight: The total as-installed weight is 1.653 lb/ft 2. The Type IV adhe-

sive (MB0120-048) (2 sides) i_ 0.322 ib/ft 2. The core (MB0130-018)
(4-1nch thick) is 1.331 lb/ft .

d. Thermal Performance: The Q of this system is 40 Btu/hr/ft 2. The PK of

this system is 0.397 Btu/Ib/hr-°F-ft 4,

6.1.3 Hellum-Purged, Foam-Filled, Honeycomb Panels Mechanically AtLa_hed
Over Bonded Foam Blocks

6.1.3.1 Description

One of the more complex of the insulatlon systems used on the S-If stages is

the one installed over the lower portion of the forward skirt. For Installs-

=ion i11ustratlon see Figure 6.1.3.1-1 (V7-532196).

Insulating quallt_es of this insulation system are obtained from the bonded

foam blocks located between the stringersD and_ for the most part, from the

helium gas within the bolted-on honeycomb sandwich panels. This system per-

forms during ground hold and boost phases. Thebolted-on panels and the

leading edge fairlnge are highly resistant to aerodynamic heating and erosion.
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As shown in Figure 6.1.3.1,_I, tho complete inatallatlon eonsiAts of many

d_tails and subassambllcs. The description _d fune_lon of components i_ a_
follows:

a. Foam block = provides thermal pro_c_ion.

b. Bolt-on panel - provides eroslon-rcsls_ant surface and thermal insulation
ovar stringQrs.

c. Organic edge seals - provide leak_tlght border for insulated area.

d. Aerodynamic fairing - A bolted-on fiberglass laminate protects insulation

leading edge.

6.1.3.2 Application

a. Utilization: This insulation system shown in Figure 6.1.3.1-i is a method
of providing thermal protection for areas of complex structural geometry.

o: _ It was developed to the specific requirements of the S-II stage forward

" skirt area (Figure 6.1.3.2-1). It can be applied to other applications

with similar complexities.

i

b. Performance Characteristics: This system was successfully used on S-If

flight stages. Tests to measure thermal performance of this system were

not conducted; however, heat leak during ground hold and launch was calcu-
lated as 2320 Btu total (SID 52-138).

c. System Limitation: This system was designed to meet the specific condi-

tions related to the S-If forward skirt area and was qualified for temper-

atures up to 365 F. Service temperatures for any application should not

exceed that value while in sensible atmosphere.

d. Design Problems: Problems related to material selection are the same as

those for other systems. Certain specific problems related to this

system are:

i. Mnnufacturing tolerances in the primary structure details present

varying dimensions between stringers. This can result in varying bond

lines or require filling or trimming for the insulation details during

final manufacturing operations.

2. The deflections experienced by the skir_ structure may require specific

!_ design consideration in the areas directly over the stringers.

3. Where helium purge is used, it is necessary that an edge seal be pro-

vided. For this system balsa wood can be used with an organic seal

composed of nylon cloth and polyurethane adhesive. These closures

must be designed so that all hidden bonds are available for inspection _i
and check before final closeout.
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4. Complete sealing of the forward section was difficult to obtain
because of the many details, splices, attach bolts, edge members, and

irregular shapes (especially around the hot section stringers). All

these areas had to be sealed by bonding process. This problem was

reduced by careful adherence to the in-process controls. Verification

of the manufacturing process was made through test coupons and labora-

tory testing.

e. Design Verification Tests: This system was qualified by similarity to the

basJc hellum-purged Insulation described in Paragraph 6.1.1.1. Tests were

conducted on a configuration utilized on the bolting ring area of the S-II.

In these tests, three specimens were tested under combined environment of
vibration and simulated aeroheat and pressure while maintaining the test

tank at LH 2 temperature. All tests were successful (Reference 24).

6.1.3.3 Thermal Performance

The thermal performance characteristics of helium-purged foam-filled honeycomb

_, panels mechanically attached over bonded foam blocks are given for a launch

vehicle tank containing LH 2 which is exposed to ground-hold and launch environ-

ments. These environments are defined in Paragraph 4.1.1.2 and Figure 4.2.2.3-1.

I The only supporting thermal analysis available assumes that this insulation is
_n extension of the basic sidewall insulation. Thus, the predicted operation

will be the same. There are variations in heat transfer caused by the attach-

I'_':,i' ment methods; however, no special analysis was considered necessary. The

I bonded-ln-place foam blocks filled up structural cavities or discontinuities
in the surface. The external honeycomb with foam covered the ribs.

The hellum-purged honeycomb was assumed to have the same rate of heat transfer

as pure helium alone. This rate was such that the inside surface temperatures

reached unacceptable values for their aluminum sections on the thermal design

trajectory.

A considerable analysis effort was performed regardiiLg application of this

insulation system and is considered to be too voluminous for repetition in this

report.

6.1.3.4 Structural Performance

The primary function of this insulation system is to provide thermal protec-

tion; it is not intended to be a primary load-carrying structure. Ho_;ever, as

in the case of most insulation systems, this system, as used on the S-If stage,
is required to match the deflections of the forward skirt and also is subjected

to thermal gradients and pressure loadings. As a rgsult, stresses and strains
are introduced into the insulatlon.

Although the insulation system is of lightweight construction, it is not con_

tinuously bonded to the forward skirt. Hence, the effects upon stress levels

of the dynamic response must be con_Idered. As shown in Figure 6.1.3.1-1_ the

honeycomb panels were mechanlcally attached to the forward skirt stringers.

attachments were spaced sufficiently close that dynamic effects for this 1These

insulation system were considered negliglble.
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( -
Of prime importance from a structural analysis standpoint are_

a. This insulation system utilizes organic materials which exhibit a visco-
elastic behavior different from the normal elastic behavior of metals.

The structural analysis of organic materials Is discussed in Section 8.0•

b. The thickness of adhesive layers must be sufficient to insure proper bond-

ing between the core and nylon facing sheets in order to sustain the core

internal pressure loading. Local debonds propagate rapidly when subjected

to differential pressure loadlng.

c. The significant stresses and strains are introduced into this insulation

system as a result of differences in thermal contraction and expansion

rates between the different materials_ forward skirt deflections, and

internal pressure within the insulation system•

6.1.3.5 Material and Processes

a. Materials:

I. Honeycomb: The core is non-vented, fabricated of glass fabric_ impreg-

nated with heat-resistant phenolic resin (MB0130-014)•

:; 2. Foams: Low-denslty (2.0 ib/ft3)m rigid, polyurethane open cell foam

_: (MBOI30-OIS)) •

3. Film: Polyvinyl fluoride material (MB0130-024).

' 4. Fabric:

(a) Glass fabric phenolic impregnated (MBOI30-O04).

(b) Woven nylon cloth (MB0135-021).

5. Primer: Modified polyester/isocyanate adhesive primer (MB0120-042).

6. Adhesive:

(a) Foaming-tape adhesive system (MB0120-OI4).

(b) Polyurethane resin system (MB0120-024).

(c) Thlxotropic paste adhesive systzm (MB01_0-026).

(d) Epoxy-phenolic glass fabric supported tape adhesive (MB0120-048).

(e) Contact adhesive (HIL-A-5092 Type I).

6-49

........................................................................ SD 72-SA-0157-1

00000003-TSA03



#i_ Space DivisionNorth Ame_lcanRockwell

F'

b. Processes: Materials used for fabrication and installation of the

hellum-purged_ foam-filled, mechanically attached bonded block insulation

system are stored, handled, and processed in accordance with Section 11.0.

1. Fabrication of Aerodynamic Fairing and Laminate Closeouts (MA0605-006):

To prevent voids occurring between laminates (MB0130-004) during cure
due to normal outgassing of the reaction product, the maximum thick-

ness for a slngle stage cure is 0.125 inch. Where additional thick-

ness is required, multiple stage cure is applied. In this type of

cure each stage should consist of approximately the same number of

laminates. Each stag_ is partlally cured at 160 F for one hour with

an applied vacuum of 26 inches of mercury. The stages are then com-

bined and a complete cure is applled. The final cure requires increas-

ing the temperature in i0 steps with an applied pressure of 50 to

100 psi depending on the total thickness being bonded.

2. Fabrication of Foam Blocks: The foam blocks (MB0130-OI5) are colmmer-

clally purchased and machined to drawing configuration.

3. Fabrication of Organic Edge Seal (MA0105-049): See Paragraph 6.1.1.5.

4. Forward Skirt Installation (MA0606-044):

i_i_ (a) Installation of Foam Blocks: A smooth coat of adhesive (MIL-A-
5092 Type I) is applied to the foam blocks and tile skirt structure -

and allowed to dry 5 to 30 minutes prior to assembly of the foam i_
blocks.

(b) Sealing of Mechanical Fasteners: The honeycomb panels are mechan-
ically attached to the external stringers of the forward skirt.
The mechanical fasteners are solvent-cleaned with methyl ethyl

ketone and dipped in adhesive (MBO120-024) prior to installation.
The fastener attachments are further sealed by bonding adhesive-

impregnated nylon fabric (MB0135-021) over the head of fasteners.
The adhesive is cured 48 hours minimum at temperatures of 70 to

120 F prior to application of internal pressure.

(c) Bonding Vertical Closeouts: The closeouts are bonded over the

_oints of mating honeycomb panels with a heat cure adhesive

(MB0120-048). Before bonding the closeouts, the area is wiped

with methyl ethyl ketone. The cure of the adhesive is in accord-

ance with Figure 6.1.3.5-1.

(d) Seallng Closeouts: The edges of the closeouts are sealed with

strips of nylon fabric (MB0135-021) impregnated with polyurethane
adhesive (MB0120-024).

(e) Bonding Preformed Edge Seal: To insure adhesion, the aluminum
structure and insulation composite faylng surfaces are prlmed.

Th,- balsa wood on the leading edge of the foam blocks Is sealed

with a brush coat of polyurethane adhesive. The adhesive is _"_
allowed to dry 16 hours at room temperature before any further _
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Figure 6.1.3.5-1. Adhesive Cure Requirements

processing. The detalls are assembled with an applled pressure

of 2 to 10 psi. The polyurethane adhesive is cured ]n accordance

with Table 6.1.3.5-1. After the cure is complete, two additional

coats of adhesive (minimum of 12 hours between coats) are applled

to the nylon fabric.

6.1.3.6 Manufacturing

a. General Description: Hellum-purged, foam-filled honeycomb panels mechani-

cally attached over bonded foam blocks was one of the more complex insula-

tlon systems because of the many detall parts of various configurations
Involved.

The solid foam blocks were trimmed at assembly and bonded in place between

the skirt stringers. The bolt--on panels were prefabricated using the same

manufacturing sequence described in Paragraph 6.1.1.6.

I
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Table 6.l.3.:J-1. Cure Cycle for N_0120-024
I

Cure Cycle Code Time at Temperature
F

A* 12 hours minimum at 70 to Z20 F

plus 4 hours at 160 • iO F**

B 7 days at 70 F (minimum)***

•Cure A is a two (2) stage cure cycle

•*The temperature shall be measured by thermocouples

•**Pressure may be removed after twenty-four (24) hours.

The organic edge seals were prefabricated by making wet layups over the

tool mold of the various configurations of forward and aft edges. Edge

_ seals formed the pressure barrier of the forward skirt area which was iso-
" lated from the sidewall insulation.

The forward and aft closeout panels were prefabricated in the same manner

as the side wall panels except they were thicker. The balsa wood edge

members which separated the edge seals were precut to shape and bonded in

'"_' place at the same time as the organic edg e seals. All of the bonding was -

accomplished using room-temperature curing liquid and thlxotropic paste j
adhesives.

The aerodynamic fairings were fabricated using pre-impregnated cloth laid

up on specially configured bonding tools. The pressure and curing was

accomplished using vacuum-bagglng techniques and autoclave pressure and

temperatures. The fairings were then trimmed and installed using mechani-
cal fasteners. The leading edge was sealed with an elastic sealant applied

with a pressure gun.

The basic manufacturing assembly sequences are shown in Figure 6.1.3.6-i.

b. Tooling and Equipment: Tools used were templates, molds, and bonding tools.

Equipment used were 8tandard-slzed autoclaves, ovens, and trimming saws.

6.1.3.7 quality Assurance

a. Raw Material Validation: Perishable raw mauerials are tested periodically

to verify continued conformance to specification requirements. See

Table 15.3.1.4-I for the level of testing performed on raw materials

applicable to this design.

b. Subassembly Process Control:

1. Process Control: Process controls during detail fabrication and instal-

lation relative to the organic edge seals and insulation closeout sec- _;_,
tions were identical to those described in Paragraph 6.1.1.7.
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2. Ft_brlar_t:fon of ltonoy_omb P_mt! (MAO605-OQ6):

(a) O,.t_or F.eing Shr_,_tLamina1:oToe_,: The fa_a nhoo_ wan fab_!ca_od

'i froln pho|loll_ r_,lllrj lmpr_gnt,tod _],aun f¢,hr:l_., (bl1_0131_,004)
_ To_b!o, 1,q.3.!.4,_1 ,Ioof_ nor oo_abl_oh for,m] w, llda_loo roqulro-
}1 men_o fo_ _h;It_ .l_t-i?:lM.. IhINoVoFD at] a e,ondl_/[oB of aacop_lln(',o,

a fa_o ohoot loot t_p.t,,lmonwas fabricated w'_lt:h:l,n four w(u_kt:l
prior _o pro¢luv_Jo, ufao. The opec|men wm_ _oo_ed for _oao'lle
and fJ_._xural _)t.re_g_h.

(_) Vtoua_ _nspcce:ton (completod panel)' AI:L finished dcta_l_ wove
trmpoctod for :

(1) Proper dtmp]i_g of facing laminate

(2) Barrier film holes

(3) Broken nodes

(4) Unfilled core cells

(5) Foreign objects

- (6) Wrin,_les

(7) Core/laminate voids

(8) Overall thickness

(c) Acceptance Te_t Coupon: A test coupon was fabricated in parallel

with the production panel. The coupon was tested for flatwise

tensile strength as a final condition of acceptance.

3. Fabrication of the Aerodynamic Falrlngs (MA0605-006):

(a) Pre-Productlon Laminate Test: Same as that specified for the

honeycomb panel face sheet.

(b) Acceptance Test Coupon: A test coupon was fabricated simultane-
ously with the production laminate and subsequently tested for
tensile and flexural strength.

4. Subassembly Installation Process Control (MA0606-044).

(a) Visual Inspection: All production parts were visually inspected

for indication of improper cure, fractures, or other visible
flaws.

(b) Process Control Test Coupons: M_tal-to-metal lap shear coupons

were fabricated in parallel with alJ production bonding

operations.
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I. qnar_o_ PanoÂ Vav_uum l)or-ny To_: Tho ,,q_II forward _kJ.rro wm_ Inr_ulnl;od

- nu_ _oln_), _nn_allod Jn _ho w4_!o_ and foll_owod h; final _on%luq

and cloneou_ bondlng (MA0606=04_). Pr_or _o mat|rig of _ho quarter-

pans% segments, oacl_ wan subjected _o a vacuum docay ton_. Tim

aosomb_y was oagBod and oubjoc, f,ed to a vacuum of 20 _tv_heo fla. The
ha6 wao oealed Juo_ above the aecodynam'_c faJ.r_ug_ (f'tgure 6.1.3._=i:,,
ox_ended over the ug_or!or of _tm _mmlatt,m, and was sealed on _he
bottom intor_or surface of _1-_¢3t_kirt structure, 'rhuo _ho vacuum decay
detected waq thu reault o_ leakage through the riveted hat section "
stringers. The maximum allowable vacuum decay was 2 inches of ltg in
two m_nutes.

2. Proof Ptes_are and (;r<m_J Leak Test: Folh,,;:,_p, ',install, aLton and close-
out: of v.he forward skirt: (and mating I:c, _h,: S-It stage), the inoulatlon
system was pressurized l:o 1,5 pal am? h_ _ i!or 15 r.ttnutes. The tn_ulao
t;ion, while at pressure_, ,,_:_ -_-_pec,t-,,:,, :or the following unacceptable
conditions :

(a) BabbLes st bl_atecs forming on the outer skin greater than
0.75 inch in diameter.

(b) Loss in skln-to-honeycomb bond over two ceils.

(c) Appearance of raised areas greater _han 2.5 inches in diametaz
(or three cell widths) that indicate core-to-aluminum voids.

If the flow rate at the end of the 15-mlnute pressurization period

exceeded 150 scc/second, the pressure was dropped to six inches of

water. The leaks were located by the bubble fluid technique and

repalred. The total insulatlon assembly was accepted by Quality

Assurance when visual inspection, flow, and proof pressure requSre-
ments were met.

6.1.3.8 Repair and Maintenance

No standard repair procedures were developed.

6•i.3.9 Rellab111ty

Failure modes are identified as lea_age and breaking away from structure.

Results are presented in Table 6.1.3.9-i.

6.1.3.10 Safety

a. Fabricatlon and Installation: This insulation system utilizes a large

number of detail part s of different types and kinds. The individuals

processing these detail parts are exposed to a greater variety of hazards

than if they were to process a single variety alone _
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Table 5.1.3.9-i. _--Helium Purge, Foam Filled,
' Mechanically Attached Over Bonded Foam Blocks

[_

Subsystem or

Component Failure Mode Mission Effects Remarks

Forward Leakage Possible mission scrub.
Skirt Increased boiloff. Loss of

Mechanically helium purge.
Attached

Breaks Away Increased boiloff, shortened
From Stringer mission.

i

Careful fitting of the insulation detail parts is necessary to insure the

integrity of the resulting assembly. Many inrerfaces are present that

would lead to the loss of a positive purge gas pressure if these inter-

faces are not sealed by fitting the parts to eliminate large gaps or
.... voids.

_r During the assembly of this system it is necessary to verify that errors
of installation arc not covered by later installations. In-process inspec-

tion and testing must be used to verify that each portion of the system is

,,_ sound prior to the installation of the next pelt.

!

b. Honeycomb Insulation Use: The functional 'testing of honeycomb insulation

systems will include a proof-pressure test of 125 percent of the maximum
operating pressure.

The applied honeycomb is relatively fragile and damage is easily incurred
after the installation is complete, When the exterior surface is struck by

heavy objects the facing sheet can be delaminated. This leads to further

delamination by the "zipper" effect when the forward skirt is pressurized.
Care should be exercised in the use of honeycomb to insure that no damage

to the insulation surface is sustained.

The helim purge gas should be verified to be free of contamination pzior

to use. When used to insulate hydrogen tanks, 2 percent oxygen in the

purge gas could combine with leaking hydrogen to form explosive mixtures.

Contamination of any gas with the helium would condense on tank surfaces

and solidify and block purge passages or provide a pressurizing source

that could separate the insulation _com the tank when the solidlfled gases

wsrmed up and vaporized.

The purge gas should be introduced into the cavities in quantities suffi-

cient to insure that negative pressure doe, not develop in the honeycomb,
When the forward skirt is exposed to cryogenic temperatures the purge gau

will contract. A positive pressure within the honeycomb is necessary to
insure that minute cracks ur ,;,_nlngs that are otherwise acceptable will

not allow condensible ga_es _o be forced into the purge channels by atmos-

pheric pressure.
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After each cryogenic exposure the exterior surface of the honeycomb
insulation should be inspected for damage. Any damage should be repaired

and tested prior to another cryogenic exposure.

6.1.3,11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are consldered

to be an indication of the installatlon complexity of the insulation sys-

tem and are derived from internal Manufacturing department records. The

following hours consist of fabrication, installation, and assembly effort

and are an indicator of relative cost: 36 hours per square foot.

b. Schedule: The schedule flow times for this insulation system are:

Procurement - 16 weeks.

Subassembly - Not applicable.

_ Installation - 9 weeks.

_ Checkout - 1 week.

:_i c Weight: The total as-lnstalled weight is 0 665 ib/ft 2 broken down as

i_._., follows:

: _ i. Film (MB0130-024) - 0.0172 Ib/ft 2

2. Type II nylon (2 layers) (MB0130-023) - 0.0546 ib/ft 2

3. Foam, 2.2 ib/ft 3 0.440-1nch thick (MB0130-OIS) - 0.0805 ib/ft 2

4. 3/8 cell_ 2.2 ib/ft 3, 0.50 inch thick, honeycomb IF_0130-014) -
0.0914 lb/ft 2

5. Type 11 nylon (2 layers) (MB0130-023) - 0.0546 ib/ft 2

6. Foam block, 2.2 lb/ft 3, 1.5-inch thick (MB0130-015) - 0.251 lb/ft 2

7. Type 2 adhesive (MB0120-042) - 0.090 Ib/ft 2

8. Primer (MB0120-032) - 0.003 ib/ft 2

6.1.4 $pray-On-Fo_v,

6.1.4.1 Description

The spray-on foam insulation system was developed for applicatlon on the exter-

nal surface of the LH2 tank and was incorporated on the S-If 8 and subsequent

stages (V7-531240). The closed cellular structure, thermal conductivity of the

blowing agent usedD and the cryopumping of gases in the cells near the cold tank _

surface _re Infl_enclng factors _n determlnlng the thermal efficiency of the _'>
foam insulation system.
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The con£iguracion 0£ the apray-an foam concept is ahown in Figure 6.1.4.1-1.
Its components are:

a. Primer -- The primer systemprocects the aluminum tank from corrosion and
also provides a sur£ace that enhancas adhesion o£ the foam to :he tank
SUrface.

b° Spray Foam, Baslc/Closeout - The insulation is a low-denslty polyurethane

foam whlch is applied directly to the primed substrate with unitized mix-

ing and spraying equipment. The foam is a self-supportln8 structure that
is machined o¢ sanded to its final dimensional configuration.

t'

=I! c. Coating, Seal/Color -- A sealant coating is applied to the foam surface to

protect against weathering. An additional coating is applied to meet

color requirements. This coating system shown in Figure 6.1.4.1-1 was

used on the LH2 tank sidewall where It is exposed to a relatively warm

environment. In colder areas such as the forward bulkhead, the spray-on

foam was coated with a nylon fabric impregnated with a polyurethane adhe-
sive (wet layup).

A recurring design requirement is the need for transmitting structural loads

through the nonLstructural insulation material. Two methods utilized on this

foam system are s "potted-in" threaded insert (hards pot) and a standoff

(spacer). Design concepts are shown in Figures 6.1.4.1-2 and 6.1.4.1-3 and

_ a brief description is as follows:

a. Hardspot -- A hardspot consists of a foam-filled honeycomb core composite

wlth a potted-ln threaded insert. The composite is bonded to the substrate
' surface.

b. Standoff -- The standoff (spacer), usually made of a material wlth low

thermal conductivity, is used in conjunction wlth a threaded insert in the
tank structure.

6.1.4.2 Appllcatlon

a. Utilization: Spray foam insulation combines the properties of low density,

low thermal conductlvlty, and ease of application. Foam as applied to

cryogenic tanks provide the most efficient Insulatlon next to evacuated

insulaClons. Thermal efficiency is achieved by condensation of gases con-

tained in the outer cellular structure of the plastic _aterial. This
structure also reduces the.heat transfer from convection and conduction.

Foam insulations have many applications in addition to their utilization

on launch vehicles. It is used for building Insulatlon, refrigeration,

storage vessels, and lines. It can also be used for potting and encapsu-
lation of shock-sensltlve components and for packaging.

b. Performance Characteristics: Spray foam insulation has been applied co
, eight S-If stages (S-II-8 through S-II.-15). It has been successfully

._i_, demonstrated through static firing of these vehicles and through launch
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- RB0125-046 COLOR COAT

Figure 6.1.4.1-2. Typical ThresJed )_nsert Installation (Xardspot)
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MB0120-024 ADHESIVE

HB0130-077 SPRAY FOAM

MB0120-042 TYPE I1/MB0120-032 PRIMER

TANK SKIN (ALUMINUM)

Figure 6.1.6.1-3. Typical Standoff (Spacer) Installatlon
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of four of the vehicles. Thermal performance in flight was within

allowable requirements. Heat leak into the LH2 tank was calculated to be

in the range o5 651000 Btu/mission.

c. System Limitations: This system was developed to meet the requirements of
the S-If stage program as discussed in Section 5.0. The materials and

design are limited to the constraints of that program. Limitations are

based on two principal design conditions that prevailed in selection of

materials and processing variables: (i) the loss of the insulation during

boost and (2) minimization of insulatlon debris during boost. Tests were

conducted (SD 69-734) with oven test shear/temperature profiles approach-
ing the values shown in Figure 4.2.2.4-2.

The results of these tests were satisfactory, indicating acceptable

erosion rate with short exposure to aeroheating/aeroshear and temperature
up to 600 F.

d. Design Problems: The design of the system and the application of the sys-

-_ tem to the tanks are quite simple, provided authoritative material prop-

erties data are available. The major design problems experienced during

development of the spray foam insulation system are summarized in
Table 6.1.4.2-1.

;_;..... e. Design Verification: Tests were conducted to verify adequacy of the design

; of the spray foam as used on the S-If. The tests discussed in Reference 31
i_! included:
i'

i_, i. Tests on the X-15 research rocket plane to simulate the S-II
aeroheatinE/aeroshear profiles. Tests demonstrated the capability of
spray foam up to 600 F.

2. Altitude/aeroheat tests and cryogenic strain tests to verify material

and processing of foam. Three different batches of material were
tested.

3. Cryogenic strain tests to verify applicatlon equipment.

4. Altitude/aeroheat tests with simulated temperatures and altitude

pre_=sures to verify coating system over foam.

5. Verification of thermal characteristics of foam under repeated fill

and drain cycling and under extended environmental exposure. Minimum

thermal degradation was experienced after 30 cycles and 210 days of

humidity/salt spray exposure.

6. Verification of the spray foam under combined environments of cryogenic

cycling and vibration with heating.

7. Verification of foam's abillty to retain its structural properties on

I long-term exposure to the natural environments. Specimens exposed for
up to 180 days of natural exposure and 50 hours of accelerated environ-

mental exposure were tested to maximum strain levels and under simulated

aeroheatlng. Foam was not affected by exposure.
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Table 6.1.4.2-1. Spray Foam Design Problems and Solutions
ii i

Problems Solutions
.i tl

Poor bond of foam to MB0120-032 Developed MB0120-042 primer to be put

primer over MB0120-032 primer to increase
foam bondability to substrate

_i Corrosion of aluminum under areas i. Improve masking and cleaning
'_" protected only with MB0120-042 processes

primer (on s£age and test
articles) 2. Developed MB0125-047 primer to

_eplace MB0120-042 primer in
closeouts and other areas using

only MB0120-042

Selection of moisture barrier i. Developed coating that would melt

coating with minimum debris dur- and drip on heating; no ballooning

ing launch or loss of large pieces of coating;
coating good for ultraviolet pro-
tection of foam

• 2. Developed outer coating to main-
tain whltecolor of surface

"*_ " Divots in foam - complete seal of i. Better seal of foam implemented

insulation difficult (on detank- 2. Known leak areas isolated __
ing, through leakage sources in
foam)

Protection of foam in protuber- Developed cork over foam and cork-

ance areas foam ra_is to protect foam

Debond of cork/foam rails i. Reduced adhesive bond llne thick-

ness to match thermal shrinkage of
tank wall

2. Changed bonding process to insure
uniform thickness

Quality control (bond integrity 1. Provided density check prior to

difficult to verify, quality of spraying

foam variable) 2. Provided In-process test samples

(cryostrain tests)

3. Developed statistical destructive

inspection (PQV) techniques

Spray equipment - malfunction and i. Planned cleaning and preventive

clogging of spray guns and associ- maintenance program

ated equipment 2. Start each foaming operation with

freshly cleaned equipment _i
_,,. Jm
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8. Foam syatem, i_clu_Ing r_palrs, was varlfl_d on 4 largo-seal_ tank,
The £o_m proved its thermal and structuzsl integrity after _po_ure _o
cryosenic cycling and maximum strain levels. The insulation flcld

repair methods and =echnlques wero successfully demonstrated.

9. Foam system has been successfully demons=rated, bo_h thermally and

structurally_ on four Apollo flights with the S-ll stage cperatlng

as required.

,, j •
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6.1.4.3 Thermal Performanen

The thermal pe _rmance characteri_tlcs of spray_oa foam are glv,_n for _ large

tank conta£ning -U2 which is subjected to both ground-ho_d and launch envlron_
men_s. The hot day ground-hold environment which was used in dlsctm_ed inl

,_ Section 4.1 and is defined t_ Paragraph 7.3.1._, The launch environment use-'
f

is the maximum aerodynamic heating trajectory for the LOR mission shown In
Figure 4.2.2.3-i. The temperature distribution, heat rate, and accumulated

heat to the LH2 as presented applies to large areas of the basic tank s!dewa]l
insulation.

The effective insulation system thermal conductivity as a function of tempera =

ture is presented in Figure 6.1.4.3-1. The mean value used for design is

0.12 Btu/in.-hr.-F-ft. 2. An analytical model for determ_nlng the thermal con-

ductivity of closed-cell polyu.ethane foam is presented in Section 7.4.1,

This model assumes parallel heat-flow contributions from solid conduction in

the resin of the cell walls, gas conduction within cells, and radiation from

cell to cell. The K values predicted by this model have been verified exper-

imentally (see Section 7.4.1). These K values were used to determine the

temperature distribution presented in Figure 7.3.1.4-3. The maximum external

surface temperature of 560 F occurs Just prior to S-ll ignition. The hot

day ground-hold heat rate to the Lll2 is 80 Btu/hr.-ft. 2. The accumulated

mission (including 90 seconds of ground-hold) heat leak to the LH2 is

12 Btu/ft. 2.

I

! ,
460 0 500 1000

TEMPERATURE- OF hT AT LOCAL POINT

Figure 6.1.4.3-1. Effective Thermal Conductivity of 2-1b/ft2 Density

Spray-on Foam Insulation _
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]_= 6.1.4.4 Stru¢_tural Porformanco

The spray foam lnsulatt_n aystem has demonstrated lt_:_ ability t_ withstand
the stres_,e_ and _tra_n_ anduced from _ank s_rain leveb_ due to lnternal

pren_mro, and the d_ffereneon an thermal contraction and enpann:lon rates
between the aluminum and foam. The d_fferenees in the thermal contraction

rates between the foam and the aluminum skin contributes _!le moat (approx_

mutely 90 percent) of the _trens developed _n the foam.

Since the foam is of l_ghtweight construction and in continuously bonded to
the tank skin, _ts dynamic response and properties are the name as the tank
_kin. Hence, stresses re,airing from dynamic effects are considered
negligible.

Of prime importance from n structural analysis standpoint for spray foam are:

a. It should be noted that the spray foam exhibits a vtsco-etastie behaviour
different from the normal elastic behaviour of metals. The structural

analysis of organic materials is discussed in Section 8.0.

b. Proper application of primer to the tank skin to pcevent failure of the
foam to tank wall bond.

. 6.1.4.5 Materials and Processes

.... a. Materials:

I. Foam: Two-component, flame-retardant polyurethane foam, two-pound

density, for spray application (MB0130-077).

2. Primers:

; (a) Adhesive primer, epoxy base resin, two-component, heat curing_J
(MB0120-032).

(b) Adhesive primer, polyester/isocyanate, two-component, room-
: temper_.ture c.ring (MB0120-042 Type II).

(c) Epoxy amine corrosion preventive primer, two-component, room-

temperature curing (MB0125-047).

3. Adhesive resin: Polyurethane, two-component, low-temperature curing

(MB0120-024).

4. Adhesive, modified: Epoxy, two-component, low-temperature curing

(MB0120-023).

5. Honeycomb core, heat.-resistant phenolic 3/8-inch cell, 3.2-pound per
cublc foot density (MBOI30-OI4).

6. Glass fabric, scrim type (MB0135-008).
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7. E_ter!or Continua:

(a) EJ.a_om_rl_ polyurethane bash coatJn_ ,m_erial, two-component
, (V_30125o045) ,
i

" (b) Vinyl color-coat materblJ, nln_le componen_ (MB0125_046).

_i;

.._ b, Process: Appl:Ica_ion of npray=on foam _o t.hecnnflguratlon speciflod ,In

" Fisure 6,1,4,i,I is processed in accordance with _ho requlromentt_ of
i:_ MA0606=050.

I. Material S_orage and Handling: A1] materials are s_orod and handled
in accordance with the requirements of applicable speciftcattono.

2. Surface Preparation:

(a) Aluminum substrates are cleaned and etched for primer applica-
tion in accordance wi_h the cleaning specification (MA0610-023).
Special masking procedures are available (MA0308-1033) to pre-
vent etchanc entrapment and attendant corrosion in the prepara-
tion of weld closeoue areas.

(b) Primed or painted surfaces are solvent cleaned with MEg.

(c) Other surfaces are cleaned in accordance with specific require=
meats of the process specification (MA0606-050).

, 3. Primer Application: Subsequent to cleaning all bare alumlnum surfaces
which are to be foam-insulated must be primed to afford maximum

insulation adhesion and cartesian protection.

(a) An epoxy primer (MB0120-032) is applied in accordance with the

process specification (MA0106-045). Since a heat cure is

required, the primer is applied to subassembly components.

(b) An epoxy amine primer (MB0125-047) is applied in accordance with

the process specification (MA0606-050). Primer thickness is
maintained between 0.0006 and 0.0015 inch to afford maximum

cryogenic strain compatibility.

(c) A Type II primer (MB0120-042) is applied in accordance with the

process specification (MA0606-050). The material provides an

adhesive tie coat between the foam and the primed substrates.

This primer will not provide corrosion protection and, therefore,

may not be applied over bare aluminum.

4. Load Transfer Attach Points: When required, attach point systems are

installed to the tank wall and foam insulation is subsequently

sprayed around them. Two types of load transfer systems are utilized:

standoff spacers (Figure 6.1.4.1-3) and core-foam composites (Fig-

ure 6.1.4.1-2) . i
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(a) S¢andQff ;+pacers are bands4 ro rha prlmo4 c_lumtnum ¢ank wall.
u_!ng pal_'lrevhanc ravin (Mg0!28_024). Th_ ares], apa_ara are
bonded ;ruder p_'cmour,:_ provided by int:+tallJn_ a fat_ton!ng bolt
and r_wqu:tng _o 15_20 faa_pounda. 'the atm_n_hly In c.rod
24 hourt_ t_C 70 F m:lnlmum before the holt In romowM.

(b) t;oro_foam eo_poal_oo two bonded to a bar(, alut, J4mm _onk wall
tmlng epory adhesive (NB0120_023) w_tb f_lt:_rtlll carrier.

(1) Dota:ll Assembly: 3/8=3.2 HRP honeycomb tore (M80130=014)
having boon completely filled with spray foam i8 procea_md
(MAOO(I6M}39) to fabricate the attach point composite
detailed in Figure 6.1.4.1=2. Type II, Class TI threaded

tn_er_s are potted into place uMng polyurethane adhesi.'e
(_.0120=024) mixed with 6 parts by weight nylon ftber_.
The adhesive system is allowed to cure 24 hours at 70 F

prlor to handling and 48 hours prior to torque te_tlng.

(2) Assembly Bonding= Following removal of all primers from
the tank surface per MA0610-022 the bare aluminum is etched

per MA0610-023. Epoxy adhesive (MB0120-023) is combined

with glass scrim cloth (MB0135-008) to provide a final tape

weight of 0.20 to 0.27 gram per square inch. The adhesive
..... tape is applied to the core=foam composite and a thin butter

coat of epoxy adhesive (0.03 gram per square inch maximum)
is applied to the aluminum faylng surface. The core foam

composite is positioned on the tank wall under a maximum

, pressure of 8 psi and allowed to cure 48 hours at a tempera-
ture of 60 to 90 F. The first 12 hours of cure must be

• above 65 F and under pressure.

; (3) Any bare metal still exposed following the bonding operation
must be coated with epoxy-amlne primer (MB0125-047) per

{ MA0606-050. The primer should overlap onto the tore-foam

! composite to a_sure complete coverage of the tank wall.

I 5. Foam-to-Foam Joints: Cut edges of cured spray_on foam and core foam
composites which will form a foam-to-foam Joint must be coated with
adhesive resin (MB0120-024). The amount of resin must be sufficient

to obtain a glaze coat on the surface of the cut foam. Surfaces which
extend to the tank wall are coated to a point 0.07 + 0.06 inch from

the tank wall. To prevent primer debond and possible foam damage

during cryogenic exposure, tileresin must not contact the primed tank.

Foam mu_t be applied between 12 and 24 hours of resin application.

6. Mixing and Dellvery:

(a) Equipment: Foam _s applied to the properly prepared substrate

using a certified internal mixing spray foam delivery system.

6-69

SD 72-SA-0157-1

O0000003-TSB13



#4_ Space Dlvl_lorl

(h) I,'.nvJronmontiil I?outrol_: Durlag, foam do livery. _vlronmolltal

aon_.rol in o_remo_._ ar$1_$cal for tim formation of quall_y lnnuln_
l:lan. A rontria_Jvo "Pro¢onnJ,ng Porm.ittod" tnlllp_wnturor_humldl_y
envo]npo J,'-_prm_en.tod :In I:I|o prne, e,,i,t8 r_poelflcat-lnn (MAI)61)6_I£JO)
whlch ]lmltn tho av,n.l!able iliolfit.uro 11_ tho ,qurround:lng ,n:lr. In
addlt:lon, !t I,,=l nc,c(mt-mry that tale eat I re motn, l n..hnl;r;_t,_, and I tT_
t_urround_ng onvl rolll_lOnl_ I)o malnl;alned nt ml egull ! br111111or t_tnble
l;emp.e.rat;ure to prevent format,:on of a h.l_h=den+_l,l;y, cryogonleal ly

. non:eompattb.le r_nd at the :tnt:m:latlon Interlace w_tth t',hc, t:ank
wall.

(c) M.lx_ns: The spray equipment must be adjusted to provide the
component tar;to speci, l ied on the container. Too high a foam mix
ratio (excess t_ocyanate) wtll result In a brtt_:le friable foam,
wh,ile too low a rat_c, (excess polyol) will result in a dtmen,_louo
ally unstable foa!..

(d) Delivery: Each application of foam is accompanied by moving the
spray tmptnsemenl; area from a disposable surface I:o tim detail

part without interrupting dispensation. The drawing thicknes.
requirements must be exceeded in one pass of the impingement
area.

....... 7. Cure: The sprayed foam shall remain undisturbed for 16 hours
minimum under the temperature-humidlty requirements established for

spray application prior to cutting or trimming. An additional
40 hours cumulative cure time at 60 to 90 F and 70-percent relative

, humidity maximum is re-aired prior to application of finish coatings.
A total cure of 72 hours _s required prior to cryogenic exposure of
the tank wall.

: 8. Protective Coatings: The cured and trimmed foam must be protected

_i from weather exposure, fungus, and discoloration by the application of
/ polyurethane coating material (MB0125-045) and color top coat

_j (MB0125-046) in accordance with MA0608-015. Thr_e coa_s of poly-

urethane and one coat of the vinyl top-coat are required.

6.1.4.6 Manufacturing

a. General Description: The foam insulation used on the S-ll LH 2 tank

was applied by spray gun to large cylinder subassemblies approximately

8 feet high and 33 feet in diameter. The 33-foot-diameter forward LII2
bulkhead was also spray foamed as a major subassembly. The foam insula-
tion was subsequently machined to the prescribed thickness.

After the six cylinders and bulkheads w_re welded and after tank pres-

sure testing and weld X-ray, spray foam was applied over the weld areas

closeouts to complete the basic spray foam application. All of the spray

foam was applied by rotating the completed stage past a fixed tool post

that held the osc_llating spray guns and machining heads. _
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Prior to the spray foam operations, the tank surfaces wore primed wLch

_rlmer systems. The base primer wa_ an oven-c.re,1 modified epoxy prlmor
chat was applied by apvaylng and curing at _he q,,:_r_cr panel and bulkhead
assembly level. The secondary primer ("M" primer) wa_ a room-_empera_ure

curing primer that was applied with brushes drier a MEK wipe of the

previously primed surfaces Oust prior to spray foaming. The hare metal

surfaces at the weld zones were chemically cleaned and primed wtth a
sprayable type of epoxy based primer and room-temperature cured.

The spray foam used was a two-component liquid system that was delivered
through separate hoses under pressure and mixed in the spray gun prior to
being passed through the special spray nozzle onto the work'surface. The

gun was located approximately 18 inches away from the surface and was

oscillated to give an even coating over the sprayed surface. The foam

rose within five seconds of mixing and the thickness was controlled by

the amount of liquid applied. Spray guns delivered from 2 to i0 pounds of

liquid per minute and the output when coupled with speed over the surface

......, determined the rough thickness of the finished foam.

After the spray foam was cured, the surface was machined tu the required

thickness and hand-sanded to obtain a smooth blended surface. Hard spots

and standoffs for attach points were located with locating templates.

Part of the hardspots and standoffs were bonded in place prior to foaming;

_'_ others were installed by cutting out a cleared area in the foam and

bonding the standoff in place, then re-spray foaming around the standoffs

_ filling the void area until flush. The foam was trimmed and sanded flush
with the adjacent 8tea. The entire foamed surface was vacuum cleaned and

. the surface blemishes were filled with a thloxotroplc paste using a wood

spatula. A nylon wet layup was applied to the bulkhead area only. The

area was covered in gore segments, applying the adhesives first, then the

nylon fabric in precut sheets and then saturating the surface with

adhesives and squeegee the surface out, removing air bubbles until smooth.

The bare foam surfaces of the tank side walls were sanded, vacuumed, and

blemish-filled the same as the bulkhead. The final coatings of the side-
wall consisted of a moisture barrier and a color coat, both of which were

applied wlth standard paint rollers. The finished surfaces were then

covered with a padded protective hard cover which provided protection

through subsequent operations. A general manufacturing flow of the spray
foam operations is shown in Figure 6.1.4.6-i.

b. Tooling: Tooling consisted of:

i. Spray foam tool posts and skates to support the spray gun and

: machining head.

2. Spray foam gun and pumping machlne (as a unit), Lemco Model #510 was

considered part of the tool post.L

I 3. Holding and rotating fixtures for the cylinders and bulkhead and.... total stage. All rotating tools had variable speed control devices.

#
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4. Foam marking toolB for varioun speelalIzad aroan.

5. Locating and holding t_olA far locating and bonding hardnpoot_ and
_tandoff_.

6. Phenolic rotary cutter for goneral machining and cutouts.

7. Phenolic knives for general hand trimming.

c. Facilities and Equipment: Facilities consisted of:

l 1. Temperature and humidity controlled work areas.
i

o_ 2. Standard factory utilities including vacuum.

3. Fumes and dtst evacuation systems.

Equipment items required were:

i. Precision scales 0-I000 grams for measuring mix foam ratios and
adhesive mixes.

2. Breathing masks for spray foam operators.

3. Rydrothermograph for temperature and humidity monitoring. _,

4. Proximity measuring device for measuring foam thickness.

6.1.4.7 Quality Assurance

The quality control techniques employed for the application of spray-on-foam-

insulatlon(SOFl) were unique. Emphasis was placed on positive control of all

variables (material, equipment, and environment) prior to the actual prepara-
tion of the foam insulation. This emphasis on proper preparation was Justi-

fied by the fact that a subassembly to be insulated with approximately

800 square feet of insulation could require as much as two weeks preparation

tlme and only 20 minutes for foam application. For that reason, Receiving
Inspection of the SOFI raw mater_al will be included in this section of the

report.

a. Raw Material Control: With the exception of the foam raw material

(MB0130-077), the materials used in the SOFI composite were handled in a

manner identical to that described for other insulation systems. However,

slnc pre-proeess control was deemed crltlcal for this insulation system,

Receiving Inspection of the SOFI raw material is covered here in detail.

I. Receiving Inspection (MB0130-077): The acceptance tests performed

by NR on each reeelval of SOFI raw material were critical to end item

quality, since the ultimate spray ratio of the two-component system

was determined from these tests. There were three separate series of .

tests performed on each recelval. _
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Figure b.1.4.6-1. Spray Foam Application L
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(a) Foam Compouon_ Prop_r_las: Each compon_n_ was sampled and
tested for the proportles noted in Table 6.1.4.7_i,

Table 6.1.4.7£I. Foam Component Properties
|

Requlrem_nt

Property Component A Component B
l i ill t

Viscosity (cDs) 275 _ 125 340 _ 100

Specific gravity 1.237 + 0.006 1.208 + 0.012

Amine equlvalent 134 + 3 -

Water content (Z) - 0.i (maximum)

Hydroxyl numer - 505 + 20

Fluorocarbon - 28 + 2

t content (%)
i

_,_,_, From these values the optimum spray ratio by weight was estab-

-_ " llshed for that particular lot of foam by the following formula:

} _ = (HN - FC (HN))AE (1.06)
B 56,i00

where

A = weight of Component A
B = weight of Component B

AE = amine equivalent

HN = hydroxyl number
FC = fluorocarbon content (decimal)

(b) Foam MixlngPropertles: Using the ratio establlshed above,

the hand mix properties shown in Table 6.1.4.7-2 were determined.

Table 6.1.4.7-2. Foam Mixing Properties
j ii it H , i tlt ilit,trill i i

Property Requirement
i ,,, J ii t H ...... ii i H : ........ i

Cream time (sec) 5 to 8

Rise time (sec) 25 maximum

Tack-free time (see) 25 Maximum

Density (Ib per cuft) 2.0 (+0.2, -0.3)

| H J.u llr, ' ,, d .i , ,. r , . , , ,, ,, , ,,
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(c) Sprayed Foam Proportion: A_aln usln8 the spray ratio ostablinh_d
from the foam eomponnn_ propertle_, tent hampton of foam _,ere
_prayod unln_ production spray equipment. Te_a wore pcrformt_d
an noted in Tablea 6.1.4.7-3 end 6.!.4.7_4.

,ot Table 6.1.4.7-3. Physical and Chemical Proper_eo of Cured Foam

Propor_y Rcqutremen_

Density (lb per euft) 2.0 (+0.2, -0.3)

Coefficient of linear thermal expansion 6.9 X 10 -5 maximum

(room temperature to -300 F,

perpendicular-to-the-rise (in./in. OF)

Flammability Nonburnln8
i il

/ Table 6.1.4.7-4. Mechanical Properties of Cured Foam
, ii ....

i Test Average Indlvldual
Temperature Value (psl, Value (psi,

Proper ty (+ 5oF) minimum) minimum)
[._*. i |i , , |

Compressive 70 25 20

strength

(parallel-to-the-rlse)

Tensile 70 48 38

strength

(parallel-to-the-rise)
LU ,,H ' "

Upon successful completion of the above series of tests, the

foam raw material was accepted for production use.

2. Validation_ Table 15.3.1.4-1 defines the level of validation performed

during the application of SOFI to the Saturn S-If vehicle.

b. Subassembly Process Control, MA0606-050:

l. Primer Application (Figure 6.1.4.1-1): Three dlffetent primer systems

were utilized during the application of SOFI. The quality control

measures for surface preparation were common to all three systems and

were as stated in Paragraph 6.1.1.7. Post-appllcation quality control
checks were as follows:

(a) MB0120-032: Primer thickness was verified by the use of a
Fischer Permascope.

(b) MB0125-O47: In addition to thickness verification, a tape test :_

for adhesion was performed using Scotch 401 tape.
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!
(c) MBO120_042, Type II: Visual ln_pae_loa wan p,arformad to varify

lO0_pnraon_ coverage.

2. fipray Foam Application:

(a) Pre=Proeefla Control: Pro-process control _a defined aa thorm
8_epo required to provide aooucanee tha_ the fiOFl wan applied by
quallfted personnel using corttf_ed equ:lpmon_, worklng in a
safe, environmentally coat, rolled facility.

(1) Equipment Cer_tfica_lon: Each model number of production
spray equipment was required to have a demonstrated cape =
btlity of meeting the density, tensile strength, and
cryogenic strain compatibility requirements of MB0130-077.

In addition, each u_,it of each model number was required

to have a demonstrated capability of meeting the specifica-
tion requlremants for density and tensile strength.

" (2) Environmental Control: Immediately prior to commencement

of spray operations it was verified that the ambient
: temperature, relative humidity, and oil/moisture content

: . of the atomizing air employed by the spray equipment were
within the requirements of MA0606-050.

!!,

' (b) In-Process Control: In-process control for SOFI operations

consisted of final spray equipment checkout, vlsual inspection

--{ during processing, and the preparation o_ process control test
_ coupons simultaneously wlth the production hardware.

(1) Spray Equipment Checkout: Just prior to commencement of
SOFI application the raw material delivery hoses were dis-

connected at the spray head and samples were taken, weighed,

and proper ratio by weight verified. As a final check, the

delivery hoses were reconnected, and foam was sprayed into

a paper cup to verify delivered foam density.

(2) Visual Inspection: The inspector was stationed in the

immediate vicinity of the hardware during SOFI application.

Any suspect areas noted during foaming were documented

and inspected separately after final machining operations.

(3) Process Verification Coupons: Foam samples were taken

from each spray unlt Just before and Just after application
of the SOFI to the production hardware. Proper density

was verified from these samples. Cryogenic strain compati-

bility coupons also were processed simultaneously with the

subassemblies. When multiple spray units were employed (as

in the case of LH2 Cylinders 2 through 6 involving three
spray units), the dog bones were located on the subassembly
in such a way that each spray unit applied foam to two test

specimens. The specimens were located in the weld closeout
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_ono in nueh a maline't:' It.hal: l::ho l:wa dog bant:'_ roprot-:_o_-t,f-ing
o,ach nprny unlC ware located lflO d_groon apart. One

@anises for each r_pray un_.C wa_ I:_,t_l:od cryop, oniealil.y whl. l__

;! l:ho Folll;t!lllnlq r_poelnion Writt roi:_l!rtod zttl backup,

fl I(a) Pot_}t_Proconta Ctintro;l,: loll, tw:lng campier:Ion of t_pray oporlll:Jolln,
r,ho foamed tmbat_t_omb,ly wat_ mac.hi-nod duwn _a drawtng mold line
I:ol-oranco. Tim cryogenic t3t-rain eompaClbll!l:y [eel; r_pec:hnent_
wero removed aml t_enr_ to the laboratory for ftnal fabrication
and teat,_nt_. The t_t;ructure wao then tmhJe, cted Co t;he fo_ll.wlut,,
tJeriea of in+JpecttontJt vtt_ual, nondeotruc_lw: JntJpoc_lon for v,_ltl
de,eolian and _andom deotructtve te_t'in_, t'ov verlf:l, catlon of
foam tensile strength and bond line adhet_ton. Final acceptance
wee baaed on the te,_4ttng of the cryogenic _train compatibility
_peelmen8.

(i) Visual In_pectlon: Following verification of dlmen_iona]

tolerances, the completed subassembly was inspected in
accordance with the following criteria per HA0606-050:

¢ The foamed material is to be fully cured and free from
tack.

...." • The foamed detail must be free of cracks. (Hairline

interfaces resulting from foam roll over adjacent to

foam-to-foam Joints are acceptable conditions and ate not
to be classified as defects unlas_ a crack exists.)

There must be no separation of the foam from attach points

or protrusions that extend through the foam.

There must be no foreign materials in the foamed detail.

• There must be no evidence of incomplete filling of the I
foamed areas.

• Holes in the trimmed foam surface are not to exceed

1/16 inch in diameter.

• Irregularities in the trimmed foam surface are not to

exceed 1/4 inch in any direction in the plane of the
foam surface and are not to exceed 1]16 inch in depth.

• There are to be no dents or evidence of foam crushing

that reduces the foam thickness more than I0 percent

of the nominal dimension from mold line to metal

substrate.

(2) Void Detection: The equipment and operational parameters for

nondestructive testing by means of the acoustic brush were _,
established by Quality Lontrol Specification MQ0501-035.
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,1t ¢'

Tim hr'utfli ,.mf_mh]y aann!nI_od of a fly]on ble:trllzln brunh, a
m:l_:,rophana for hound p_a_up, cln amp l:lf.t+_l?, _lnd n nnt af
llondldior.,t_to ho worn by l:ho,Innpe;(:i:or.Thn brmdl wnn

t_qovoda_:i,_llntho fIlllefllPnof thp fnrlm Wll_.li_l:llO:Innp__ct:nr
!!Iif:oni*_li,, If., ll.tlrid I:hrough I:]l(,llpad_m_, h v.1d aroa

wo. ld .:lJ..' _i dil.!?_wonl: oolite l_otlponno |?FOlll _hnl of tl
(l|:l_lI(_[ll|';l]1_' llOllllllO_eO(J.

('!) itond l,lne Adhot_lon _md Towel,It fit):engl:h: The t_po,c;lf:!c
t;oiit;lng w_m rt_fo.rrod to a_} product: ttua_lty vorifictitlon
(PqV). The _,qu!pmenl: and operational p,_tameee_°tl were
ot_tab I !,.:ihe,l hy (tl!tlJ t.ty Control ,gpectft_at|.on MQ0501=034.
The prlnc'll,l_, of I'QV tenting Involved the bonding o1: a
pJug of known cross.=oectional area 1;o _he surface of the
riti:llCl:tll:t! Ill bt' toltted. In the case of SOFI, the test
area wa_J isolated from the remaining n_ructure by a ire =
panning operation (it peripheral cut to the oubstrate), h
tenulle force was then applied to the plug by a _tandard
hand=operated hydraulic pump. A gauge was incorporated
lute the systelil to indicate actual applied load at time

of rupture,

3. Tllreaded Insert Installation (Figure 6.1,4.1=2)' The quality assur-

ance aspects of this installation were essentially identical with those
Imposed on the basic Insulatin_ der_gn; see Paragraph 6,1,i,7-b-2.

4, Application of SOFI Top Coats (Figure 6.1.4.1-3): Final finishing of

the SOFI system consisted of the application of a polyurethane seal

coat followed by application of a white vinyl top coat. The composite

coatings were applied in accordance with MA0608-015. Quality assur-

ance provisions consisted of visual inspection for complete coverage

aladworkmanship.

c. Quality Verification of Final Assembly: Final acceptance of the completed

stage was accomplished by visual inspection to the requirements previously
stated. Final visual inspection was conducted primarily to pick up any

accidental damage which may have been incurred during handling of the
insulated sub_ssemblies.

6.1.4.8 Repair and Halntenance

Spray--on foam Insulation may be repaired by either in-process rework procedures
or material review action.

a. in-Process Rework: Process specification MA0606-O50 provides procedures

for rework of the basic spray-on foam system as follows:

I. Remove and replace discrepant foam material.

2. Abrade thick epoxy amine primer (MBO125-O47),#
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3, Touch up of ncratehod primer.

4. Reapplieat_on of polyurethane Joln_ rnn!n after 24_haur manimum
time _a foam I-,an bon,_ e_aaod_d.

b. Magerlal Rovlew: _andard ropa_r_ _o _h_ foam nyntem requJ_r:l.ng _terta!
Review Board ae_lon are do,ailed _n preterit]_poclf_ca_on MA0506=_7. The
varlouo defocto covered Include:

l. Repair of cracked moisture barrier coating and foam.

2. Repair of debonded coating.

,3. Foam repair with bonded foam block.

4. Foam repair by spray foam application.

5. Foam repair by pour foam app_ication.

6. Temporary repairs.

c. Maintenance: To prevent discoloration due to particulate matter or fungal
infestation of the outer coatings of the foam system following extended

_:: periods of outdoor exposure, a periodic wash of the insulation with a mild
detergent should be performed. Frequency,of this procedure depends on
results of visual inspection.

, 6.1.4.9 Reliability

Debondlng or breaking away is the only failure mode identified. Results are
I presented in Table 6.1.4.9-1.

i Table 6.i.4.9-i. FMEA-Spray-om Foam
il in i il . ......... il i HI v |. --

i Subsystem or Mission Effects
Component Failure Mode Remarks

_ .... i _ ii illl if, • J l ,i i iii i . i

LH2 Tank Breaks/Tears Increased boiloff re-
Sidewall A..tay sulting in possibly
Insulation exceeding vent valve

capacity and excess
tank pressure. Possible
mission abort.

6.1.4.I0 Safety

a. Fabrication and Installation: Ventilation must be provided during spray-

foaming to reduce the isocyanate that is outgassed below a concentration
of 20 parts per million (0.02 ppm). Ventilation also must be provided
while sanding or machining foam to reduce foam dust below the explosive
llmlt of 0.025 ounce per cubic foot.
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All electrical equipment must comply with California Eleetrleal Bafety
Orders or National Eleetrle Code for Class II, Division I, onvlronmen_o,

Housekeeping and area elaanllnefi_ must receive emphanifi to reduce the fire
hazard and risk of c,ntamilnatlon.

Protective clothing must be worn while spray-foaming. This Includa_ air =
llne masks, coveralls, gloves, and shoe covers,

Masks approved by the Bureau of Mines for nuisance dusts must be used

while sanding or machining foam.

Spray-foaming guns and application equipment are chosen for the capability

of consistently proportioning, mixing, and spraying the foam components.

Operating personnel will be thoroughly trained in the use of the equipment.

Spare parts should be readily available to minimize downtime. Additional

safety requirements are given in Paragraph 6.1.1.10.

_ b. Foam Insulation Use: Low-density foam can be damaged readily by impact.

Care should be exetclsed to prevent damage to the surface when working in

the vicinity of foam insulatlon. When the surface is penetrated, Insula-
tion efficiency is reduced and weathering is acaelerated. If the penetra-

tion is deep enough to approach the tank wall, cryo pumping will llft
_"i__ "divots" of the foam and further reduce insulation efficiency.

The foam must be inspected after each cryogenic exposure and repairs

made to damaged areas.

6_!.4.11 Design Effectiveness

_; a. Cost: The manufacturing direct labor hours per square foot are considered
to be an indication of the installation complexity of the insulation sys-

tem and are derived from internal Manufacturing dept. records. The

following hours consist of fabrication, installation, and assembly effort
and are an indicator of relative cost:

i. 4 hours per square foot.

b. Schedule: The schedule flow times for this insulation system are:

i. Procurement - 5 weeks.

2. Subassembly - not applicable.

3. In_tallatlon - 15 weeks.

4. Checkout - i week.

c. Weight: The total as-lnstalled weight is 0.231 Ib.[ft2., broken doom as
follows:

i. Primer (MB0120-032) - 0.007 lb./ft. 2
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2. Type II Primer (110120-042) = 0.003 lb./ft. 2

3. Fo_m (I_0130=077) 2 lb./f_. 3 0.75-inch _hick, =0.1253 lb./f_ 2

4. Chemseal three coats (t_0135-045) - 0.0720 lb./£t,2

5. Dynatherm (1_0125-046) - 0,0240 !b./£t. 2

d. Thermal Performance: The q of this system is 80 Btu/hr./fC. 2. The PK
of this system is 0.065 Btu-lb./hr.-.°F-ft.4

6.1.5 Spray-on Foam plus Foam Blankets

6.1.5.1 DesCription

The spray-on foam plus foam blanket insulation system was used on the S-If

stage (S-II-8 and subsequent) in the area of the forward skirt (on Sill-6 and

subsequent) and Cylinder 1-boltlng ring (V7-531250 and V7-531300). The
_: thermal characteristics of this system are similar to those of the basic

spray-on foam described in Paragraph 6.1.4.1.

This configuration was developed for insulating structure with external ribs i

or stringers. This insulation concept is shown in Figure 6.1.5.1-I. The
_ spray-on foam is applied directly to the prime_ substrate between the ribs

and is machined or sanded flush with the top of tee ribs. The components

of spray-on foam are described in Paragraph 6.1.4.1.

The foam blanket consists of a prefabricated foam sheet and a prefabricated

nylon laminate bonded together to foam a composite. The foam/lamlnate
composite is then bonded to the surface of the foam between the ribs. The

butt Joints of the blankets are sealed with a gap filler and a wet layup.

The outer surface of the foam blanket is then coated as descrLbed in Para-

graph 6.1.4.1.

6.1.5.2 Application

a. Utilization: The cpray foam plus foam blanket system can be utilized i_

any applicatlo_ invoicing complex structural geometry and requiring the
same thermal and structural characteristics as the spray foam system

described in Patqgraph 6.1.4.2.

b. Performance Charact_rlstlcs: This system has been used quccessfully on

eight S-ll flight stages. In combination with the spray foam system,
it has provided more than the required degree of thermal protection to the

stage structure and LH2.

c. System Limitations: The system has the same limitations as the s_ray foam

system. It is limited to temperatures of 600 F when under the S-If type

boost environment. For temperatures in excess of 600 F, the foam system

must be protected, ii
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f

MB0130-077 SPRAY FOAM

':'_ ,_-._,, , ,,l \ MBO120 024 ADHESIVE"' "" " _ ,, ° ," _( / MB0130-023 TYPE II
.... "_:,_ }J NYLON LAMINATE

II I I ; -...1l=_- _ _r_llllBIIIb _ III

fl
I I

PREFABRICATED SPRAY
FOAH BLANKET

PREFABRICATED
BLANKET HB0125-046 _YNA-THERM

MB0125-045 CHEM SEAL

RBO120-OZ4IMB0135-021 TYPE II
,_ MET LAYUP

MBO]20-024 ADHESIVE
(FILL GAPS MITH
MB0120-024/FOAM CUST,
TYPICAL AT BLANKET

_'_ JOINTS)

ii,,e _ . j, i

: MBO|20;024 ADHESIVE

MB0150-077 SPRAY FOAM

i TANK SKIN (ALUMINUM) HBO120-O4Z TYPE II/

HB0120-032 PRIMER

PREFABRICATEL; DETAIL A
FOAM BLANKET,_

..... _ TANK SKIN _PRAY_ON
_ FOAH

Ptgu_e 6.1.5.1-_. _pray-on FomnPlus Fo_mBlankets
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d. Design Problem_: Design problems associated with this oyatom are the
same an those covered in Paragraph 6.1.4.2. In addition, void_ may occur
in the bondllne between the foam blocks and outer blanket due to air

entrapment during bonding. Careful bondltae thickness control wag exor-
cised and steps were inserted In the assembly procedure to incurs that air
is worked out before vacuum bonding is otarted.

e. Verl£1cation: Materials, processing, and design verification for this

system were the same as that described for the spray foam system.

Additional tests were conducted successfully on panels where the foam

system was expos _ to cryogenic cycling, aeroheating, and vibration.

6.1.5.3 Thermal Performance

Thethermal Performance characteristics of this insulation system were deter-

u mined assuming that this system was applied to a structural skirt protruding
from a tank containing LOX which is subjected to both ground-hold and launch

; environments. The KSC hot day, ground-hold environment assumed is defined in

- Paragraph 4.1.1.2. This launch environment used is the maximum aerodynamic

!'i ' heating trajectory for the LOR mission shown in Figure 4.2.2.3-1. The thermal

i_ ,; characterlstics presented here apply to a unit area of the basic insulation.

: ! The effective insulation system thermal conductivity as a function of tempera-
i

ture and thermally averaged thickness value is presented in Figure 6.1.4.3-1.

Using these average K values, the predicted ground-hold heat flux was found to _
be approximately 140 Btu/hr.-ft. 2 and the predicted total accumulated heat _

leak to LOX is 41 Btu/ft. 2 for the assumed S-il mission profile. A detailed

, analysis of the thermal performance characteristics is presented in

Paragraph 7.3.1.5.

6.1.5.4 Structural Performance

The discussion of the structural performance characteristics of the spray

foam insulation system given in Paragraph 6.1.4.4 also applies to this insula-

tion system. The addition of prefabricated blankets (spray foam plus nylon

laminate) to the insulation system requires that more materials and more

layers remain strain compatible with the tank deflections and strain rates.

6.1.5.5 Materials and Processes

a. Materials:

i. Foam: Two-component, flame-retardant prlyurethane foam, two-pound

density, for spray application (MB0130-077).

2. Adhesive Resin: Polyurethane, two-component, low-temperature curing

(MBOI20- _24).

3. Primer: Epoxy amine corrosion preventive primer, two-component,

room-temperature curing (MB0125-047).
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4. Nylon Fabrle: Phenolic resin prelmpr_snated nylon fabric for lamSnate

fabrlestJ_on (M]_0130-023 Type II).

5. Exterior Coatings:

(a) Elastomerie pulyurothan_ base coating material, _wo-componen_,
(_0125-045).

(b) Vinyl color-coat material, single component (MB0125-046).

b. Process:

I. Spray Foam: Spray foam insulation (MB0130-077) is applied to the

ribbed surface detailed in Figure 6.Z.5.1-i per MA0606-050, The basic
processing requirements are as specified in Paragraph 6.1.4.5.

Because of the irregular surface being insulated, special care must be

taken to avoid foam llftoff or void entrapment. Assurance that foam

....'_ is sprayed into the corners at the base of the stringers will usually

provide acceptable insulatlon. Following spray application and cure,

the foam is machined flush with the tops of the stringers.

2. Blanket Fabrication:

_ _' (a) Prefabricated Foam Block: Foam blocks are fabricated per the

applicable processing requirements of MA0606-050. The open mold
surfaces are treated with a nonsillcone release system. The foam

blocks are trimmed with cutting tools to the approximate dlmen-
slons and hand-sanded to final dimensions.

(b) Nylon/Phenollc Laminate_ A nylon fabric phenollc preimpregnated

material (MB0130-023 Type II) is laminated per MA0605-003. A

two-ply layup is single-stage-cured under vacuum at 340 F for
: 90 to 120 minutes.

(c) Assembly: Using polyurethane resin (MB0120-024), the foam block

is bonded to the precured laminate per MA0605-014 Method lII.

Twenty-flve grams per square foot of resin (approxlmately
O.010-1nch thick) is applied to both fayfng surfaces. The

assembled blanket is cured for 168 hours, the first 24 hours of
which is under vacuum.

3. Blanket Bonding: Barealumlnum exposed on the stringer tops followlng

machining is primed with epoxy amine primer (MBO125-047) in accordance

with the requirements of MA0606-050. The foam/laminate blanket is
then bonded to the structure per MA0605-014 Method III, Extreme care

must be ex_'clsed to avoid air entrapment as the foam blanket is mated
to the structure.

4. Joints: All gaps between adjacent foam blankets are filled with

_ MB0120-024 polyurethane resin mixed with foam dust per MA0606-O50,

In-process rework Method III. A thlxotroplc paste (6 to i0 parts by
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weight foam duet with 100 parte resin) is inserted in the gaps. The
subsoquent laminate application over the Joint may proceed immediately

after the thlxotropic paste is inserted in accordance with the require-
manta of F_0605-014 Method I or If.

5. Protective Coatings: The insulation blanket must be protected from

weather, fungus, and di loration by application of three coats of

polyurethane coating (F_25-045) and one coat of vinyl color coat
(_0125-046) per MA0608-015.

6.1.5.6 Manufacturing

a. Description: The spray-on foam insulation is applied in the same manner

as that described in Paragraph 6.1.4.6. The foam was sprayed into the
cavities of the ribbed side walls and machined flush with the tops of the

standing ribs. Prefabricated foam/nylon fabric composite panels were
bonded over the areas of the rib sections. This design was established

because it was impossible to spray in one application the cavity and over

_,: the ribs simultaneously without large void areas directly over the ribs.
.i

The foam blankets were fabricated and installed in the following manner.

A 4- to 6-inch high foam bun was sprayed onto a honeycomb sandwich platen

! slightly larger than the foam panel net size. The foamed billet was band-
sawed into net thickness sheets, then trimmed to oversize to make the foam

panel• A two-ply nylon lamlnate panel was fabricated using the vacuum bag _.

_i and hot bonding oven process This nylon lamlnate was then trimmed and

bonded to the foam panel using a llquid room-temperature curing adhesive

and vacuum bag pressure system to make a foam blanket.

The foam blanket installatlon consisted o_ trimming and prefittlng the

blankets to fit the previously machined cavity of the stage sidewall. The

blankets were bonded in place using the room-temperature curing liquid

adhesive and vacuum bag pressure.

After the blankets were bonded and curedD they were hand-sanded flush with

the adjacent surfaces. The Joint seams were filled with a mixture of adhe-
sive and foam dust and covered with an adhesive wet nylon strip to prevent

air leakage between the basic foam and the blanket. After cure of the

spllce Joints, the entire blanket surface was sanded, vacuum cleaned, and

blemishes were filled in preparation for the final coating. A moisture

barrier and color coat was applled using a common paint roller as previ-

ously described in Paragraph 6.1.4.6. For the foam blanket fabrication

and installation sequences, see Figure 6.1.5.6-1.

b. Toolin 8 and Equipment:

1. Spray foam sun equipment (Model #510 Lemco).

2. Spray platens for spray foam bun.

3. Bonding platen for nylon laminate layup and bond. _i
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4. tlori_nl b_nd hawing _ool _o _u_ _onm nho_tn,

_. Toolln_ and aqulpmf_n_ for baals npr_y foam oyn_am dancrih_d i_
Paragraph 6,_,4.6.

_iI 6, I,!i, 7 qua%lty Anm,rau_

The qua£1ty Aoouranco provl,o_m_ for _h£o dooign wore ooaen_ia£%y _he oame ao
thooe defined in Paragraph 6.£.4.7 for tho baoi_ 80F$ dooiga, identical con=
trois were invoked during the £abrlcat$on o£ the foam blanket details as For

other foamed oubasoomblleo oxcep_ _hat _ryogonie o_raln compatibility £eo_

specimens were not required durln8 fabrication of hardware employing the foam
blanket as the external insulation layer. This was primar$1y because the rule=

tlvely low ntisoion strain levels encountered in _he boltln 8 ring/cyllnder No, l

and forward sklr_ where the foam blanke_ was employed. Two produe_ion opera =
fleas were performed on the Foam blankets which were not common to the basic

SOFI system described lu Paragraph 6.i.4.7. These were £abrication of _he foam

blanke_ nylon laminate and bondln 8 of _he foam bla_ke_ _o the _ank o_ruc_ure.

a. Lamlna_e Fabrlcation (MA0605=003): _ollowlng cure of the MB0130-023 pre-

impregnated nylon lamlnate, test samples were removed from _he excess
lamlna_e mater_al and tested as follows:

_ i. Tensile strength was de_ermined per Federal Test Method 406,
_thod i001.

2, Flatwise tensile strength was determlned per MIL-A-25463,

' b. Blanket Bonding (MA0605-014): Routine inspection for surface preparation,

adhesive mix, and proper cure conditions was conducted. No process veri-

fication coupons were fabricated during the production bonding operation.

Extreme care was exercised to avoid trapped air in the bond line during

layup of the blanket composites on the structure.

6,i.5.8 Repair and Maintenance

Repair and maintenance of spray foam insulation is as specified in

Paragraph 6.1.4.8. Repair or rework of the bonded insulation system requires
Material Review Board approval.

6,1.5.9 Reliability

Debondlng or breaking away is the only failure mode identified, Resul_s are

presented in Table 6.1.5,9-I.

6.1,5.10 Safety

Safety requirements for this insulation system are detailed In

Paragraphs 6.1.4.10 and 5.1.6.10.

6=89

SD 7Z-SA-OI57-1

NNNNNNAq_Te m 4o



#1% Space DivisionNorth American Rockwell

T_hla 6.1.5.9_I. FMEA-_pr_y_on Foam Plus Foam Blankatu

_uboy_om o_
Componon_ Failu_ Mod_ Minnlon Effaa_n Ramarks

Forward B_cako/ Hoa_ _an_for _a_a _nc_ea_e_.

_klrC and Team Away _ncreaaod propcllan_ _opplng

Cycle 01 requlrod. Poootble m_ssion
8pray=On 8crub.
Foam

6.1.5.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per _quare foot are considered
to be an indication of the installation complexi=y of the insulation sys-

tem and are derived from internal Manufacturing department records. The

followln 8 hours consist of fabrication, installation, and assembly effort
and are an indicator of relative cost: 27 hours _er square foot.

b. Schedule: The schedule flow tlmes for this insulation system are:

Procurement - 5 weeks.

-,i-i'_'_ Subassembly - Data not available. _

Installation - Data not available.

-i ' Checkout - Data not available.

, c. Weight: The total as-installed weight is 0.656 Ib/ft 2 broken down as
_ follows:

1. Dynatherm (MB0125-046) - 0.0240 lb/ft 2

2. Chemseal (MB0125-046) - 0,0720 Ib/ft 2

3. Foam 0.50-1nch thick (MB0130-O77) - 0.0835 ib/ft 2

4. Adhesive (MB0120-024) - 0.0600 ib/ft 2

5. Type I_ nylon laminate (MB0130-023) - 0.0546 ib/ft 2

6. Adhesive (MB0120-024) - 0.0600 Ib/ft 2

7. Foam 1.75-1nch thick (MBO130-077) - 0.2923 ib/ft 2

8. Type II primer (MB0120-042) - 0.0030 Ib/ft 2

9. Primer (MB0120-032) - 0.0070 ib/ft 2
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a
_ d. Th_r,_l P_rfo_a_c¢: Th_ q of _his _ystom Is 140 B_u/hr/f_ 2. Th_ pK of

_hl_ system 1_ 0.064 _u/lb/hr_°F-£t _.

6.£.6 Pour Foam

6.1.6.1 Description

The principal application of pour foam inaulatlon on S-If stase_ has been in

areas of foam closeouts and field repairs. The pour foam material closely
m_tches the spray foam thermal characteristics. Therefore, from thermal insu-
lation performance requirements, the pour foam can be used lnterchangeably
with the spray foam.

For typlcal pour foam Insulated components see Figure 6.1.6.1-1 and installa-
tion drawing (V7-531237).

6.1.6.2 Appllcatlon

a. Utilization: Pour foam has the same general thermal and structural charac-

teristics as spray foam; therefore, it can be utilized in association with

spray foam for repairs or in areas that are difficult to spray. It is used

• as insulation for pipes, storage tanks, and generally for any application
requiring this degree of protection.

:_,: b. Performance'. Pour foam has been used successfully on 12 S-Ii stages. Its

-.. performance iS described as part of the tdtal spray foam insulation system
" in Paragraph 6.1.4.2.

-t c. Limitations. The system limitations are the same as those described for

spray foam in Paragraph 6.1.4.2.

d. Design Problems: The problems are unique for the pour foam because of its

llmited usage. Prlnclpal problems are.glven in Table 6.1.6.2-1.

e. Verification Testing: The pour foam was considered verified as the result

of the program described in Paragraph 6.1.4.2. Applicability of pour foam

was demonstrated on a large-scale tank, on flight vehicles, and on small
panel tests (SID 63-600-9).

6.1.6.3 Thermal Performance

An important performance characteristic of pour foam insulation is tO prevent
heat leaks in areas on the S-ll where the spray foam insulation is in need of

repair or is not applicable to the design, such as around vent and reci_ula-

tlon flanges. The thermal and physical properties are the same as those 02

the spray foam. Therefore, thermal performance of pour foam will be the same

as for spray foam (see Paragraph 6.1.4.3).

!
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LI.!2RECI!GULATiONFLANIE ',"

wm R.,_III[
Figure 6.1.6.1-1. Pour Foam Installations
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Q ,.z Table 6.1.6.2_1, Pour Foam Problem_ and Solution_
..... i t ................ i ii

P_oblem8 SeSutlona

Absorption of water In foam Provide better processing to achieve

proper mixture ratio

Corrosion under foam around feed- 1. Use with proper primer system
llne elbows

2. Observe masking and cleaning
procedures

Cracking of foam around elbows: i. Use pour foam of proper density
and structural flexibility

Non-unlformlty

2. Conduct pouring operations only

Higher density under acceptable environment
(humidity and temperature)

J

3. Match foam with heat absorption

capacity of metal substrate

Foam debonds on detanking i. Improve processing to minimizing

........ leak paths through foam

.. 2. gepair as required

6.1.6.4 Structural Performance

The structural performance characteristics of the pour foam insulation system

are identical to those described for the spray foam insulation given in
Paragraph 6.1.4.4. In addition, the pour foam is normally applied near close-

outs and discontinuities as shown in Figure 6.1.6.1-1. These discontinuity

stresses and strains must be considered in addition to the loadlngs given in

Paragraph 6.1.4.4.

6.1.6.5 Materials and Processes

a. Materlals:

i. Foam: Polyurethane, two-component, three-pound density, foam-in-place
material (MD0130-069).

2. Primer: Polyester/isocyanate, two-component, room-temperature curing

(MB0120-042 Type II).

3. Adhesive Resin: Polyurethane, two-component, room-temperature curing

(biB0120-024).
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b, Proco_| Pour fo_ iB app!!_d in accordance with the requlrom_uts of
_0106-065.

1. M_terial Sto_age and Handling: All matQrial_ ar_ stored and handled
in accordance with their matcrlal epoclflc_tions.

2. Surfac_ Preparation: Tank wall laying sur£ace_, having previously
been primed with adhesive primer (M_0120-032), are primed with poly-
ester primer (MB0120-042 Type II) per MA0606-050. Ti_is requirement
is specified on the englneerin8 drawing.

3. Molds: To provide containment for rising pour foam insulation, closed
molds are ass_nbled from sultable materials. A closed mold is con-

structed so that the mixed component materials are poured into an

openln 8 provided at or near the top and the opening secured in position

as the foam approaches. Blow holes are provided to allow escape of

trapped air and result in complete filling of the mold. Mold surfaces

designated as release surfaces are fabricated of conventional materials

......, coated with a non-volatile release agent such as high melting point

paraffin, wax, polyvinyl acetate, polytetrafluoroethylene spray, fused

polyethylene_ or polyethylene tape.

_: To meat the apparent density requirement of the specification (3.0

, • 3 pounds per cubic foot) all mold surfaces should be heated to

_ ii0 _ i0 F prior to pouring the mixed material into the mold.

==_ 4. Material Calculations: The amount of component materials required to

_ fabricate a 81van part is calculated as follows:
i
T1
! W _ Wa + Wb = V x D x C; Wa = W (Ra/lO0)

W = Total weight of material_ lb.

Wa = Weight of Component A_ lb.

Wb = Weight of Component B, lb.

V = Volume of cavity or mold, ft2.

D - Density of 1b/it 3.

C = Overage (allowance factor for materlal remaining
in the mixing container)

Ka - Parts by weight ratio of Component A specified on
material container

5. Mixing and Delivery: The pour foam components are hand-mlxed using

propeller-type equipment. The maximum mix time prior to pouring is

25 seconds. Mixing must extend to the edges of the container to
insure complete mixing.
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Environmental con_rol_ requlr_ in the working area during foam mixing
and delivery are a temperature 65 to 90 F and a maximum relative

humldlty of 70 percent.

The mixed material is poured _nto the mold prior to the initiation of

foaming as indicated by creamln 8 of the material.

Multlple pours may be made to fl$1 a mold cavlty completely. The

material must be cured until it is rigid to the touch and the surface

temperature is less than 120 F. A thin coat of freshly mixed material

may be painted over the previously cured foam surfaces immediately

prior to making a subsequent pour,

6. Cure: _ The foam assembly must be allowed to cure a minimum of 24 hours

at 60 to 80 F prior to removal of the mold and subsequent coating

! applications.

_! 7. Protective Coating: A wet layup of polyurethane resin (MB0120-024)

_../ and nylon cloth is applied to the cured foam insulation in accordance
" with MA0605-Ol4.

6.1.6.6 Manufacturing

a. Description: The S-If forward bulkhead vent lines and flanges necessitated

_ insulation to conform with the existing forward bulkhead spray foam insula-tlon. This was accomplished using the pour foam method.

A circular cavity was formed by trimming the existing spray foam around the

vent llnes. All metal surfaces exposed were abrasively cleaned and solvent-

wiped. A "Z" seal wet layup was installed around the cavity to insure that

all exposed spray foam was properly sealed off. Koropon prlaer was applled

to the bare aluminum surfaces within the periphery of the cavity. Tank

surfaces having M602 primer were primed with primer M.

The "Z" seal was covered with aluminum tape on the top side spray foam area

only. A pour foam tool was then positioned in place over the cavity and

taped securely to accept the pour foam.

Pour foam materials were mixed and poured into the cavity through the exist-

ing pour foam holes in the mold. After cure, the mold was removed and the
foam trimmed to the required configuration. A nylon fabric polyurethane

resin wet layup was then installed over the foamed surface.

The pour foam fabrication and installatlon sequence is shown in

Figure 6.1.6.6-1.

b. Tools and Equipment: Tools used were simple aluminum containment type to

keep the pour foam in a definite area. Equipment consisted of plastic

knives, two-quart mixing buckets, mechanical mixers, stop watches, gram

weighing scales, adhesive tapes, and miscellaneous shop aids.
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6,1.6.7 Quality Assurance

a. Raw Material Validation: Perishable raw materials are tested periodically

to verify continued conformance to specification requirements. See
Table 15.3.1.4=i for the level of testing performed on raw ma_erlals

applicable to this design.

b. Subassembly Process Control (MA0106-065): Subassembly process control

consisted of those steps necessary to assure the foam material was applied

in a properly prepared cavity (mold), in the proper ratio and amount, and
under the required environmental conditions.

i. Molds: Molds were allowed to be either open or closed types; however,

even the closed-mold method of processing required the cavity be pre-

pared so that trapped air would escape during the foaming reaction.

In order to assure a nominal 3 ib/ft 3 foam detail, the molds were veri-

fied to be at 110 ± iO F prior to pouring the mixed material into the
mold.

' 2. Ratio and Mold Volume Verification: To further assure proper end

. product density and complete fill, the mold cavity volume was calcu-

la_ad and the amount of foam (plus l0 to 15 percent) required for a
complete fill at a 3 ib/f_3 density was determined and verified.

3. Environmental Control: The temperature of the working area was veri- ,-
fled to be between 65 and 90 F, with a relative humidity of 70 percent

or less. It was further verified that the temperature of the two foam

components was between 63 and 73 F immediately prior to mixing.

c. Quality Verification of Final Assembly:

i. Visual Inspection: Following final machining operations, the foam

was inspected to the following criteria:

(a) The foam was fully cured and free from tack.

(b) There were no cracks in the foamed detail.

(e) There was no separation of the foam from attach points or protru-

sions that extended through the foam.

(d) There were no foreign materials in the foamed detail.

(e) There was no evidence of incomplete filling.

(f) Holes in the machined surface did not exceed 1/16 inch in diameter.

: (g) Irregularities in the trimmed foam surface did not exceed 1/4 inch

in any direction and did not exceed 1/16 inch in depth.

(h) There were no dents or evidence of crushing of the foam. i_
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2. Field V!oual In6pac_ion: Tim above visual insp_ctlon constituted final

a_cop_ance of th_ foamed de,all during produc_lon operation_. How_ver,
all pour foamed details wore again Infipoctad vlnually suboequen_ co the

%n!_ial eryogonlc_ do_anklng aC the Minsifl_ippi Too_ Faeillty whore

each vehicle underwent captive full duration firing.

6.1.6.8 Ropalr and Maln_onanco

a. Repair: No 8_andard topalr procedure8 were developed.

, b. Maln_enance: No special maintenance of thls area is required; however.
_ inspectlon following cryogenic tankage is recommended for detection of

insulatlon debond.
• i

:i 6.1;6.9 Reliability

No detailed failure mode effects analysis was formulated because there are no
obvious flrst-order failure modes.

_I 6.1.6.10 Safety

a. Fabrication and Installation: Ventilation should be provided during pour-

foaming to reduce the isocyanate that is outgassed below a concentration of

_ 20 parts per million (0.02 ppm). Ventilation also should be provided while

sanding ¢r machining foam to reduce foam dust below the explosive limit of

0.025 ounce per cubic foot.

All electrical equipment must comply with California Electrical Safety
Orders or National Electric Code for Class II, Division I, environments.

Housekeeping and area cleanliness should receive particular emphasis to

reduce the fire hazard and risk of contamination. Protective clothing

must be worn while mixing and pouring foam. This clothing includes cover-

all, gloves, and shoe covers. Masks approved by the Bureau of Mines for
nuisance dusts must be used while sanding or machining pour-foam.

If mechanical equipment is used to mix pour foam it must be chosen for the

capability of consistently proportioning and mixing the foam components.

Operating personnel will be thoroughly trained in the use of the equipment.
Spare parts should be readily available to minimize down time.

Addltional safety requirements are given in Paragraph 6.1.1.10.

b. Pour-Foam Use: Low-density foam can be readily damaged by impact. Care

should be exercised to prevent damage to the surface when working in the

vicinity of foam insulation. When the surface is penetrated, insulation

efficiency is reduced and weathering is accelerated. If the penetration

is deep enough to approach the tank wall cryo pumping will lift "divots"
of the foam and further reduce insulation efficiency.

_ The foam must be inspected after each cryogenic exposure and repairs made

to damaged areas.
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6.1.6,II DaaiS_ Eff_etlvenoao

a. Co_t: The ma_u_a_turi_8 didact labor hou_o pot aquaro foot ave _onoidorad
to bo an indication of tholuotalla_iou aomp£_xi_y of the Inoula_ion nyn_
Cam and arc dorivod from ln_ot-aal _nu_aaCur_ng department w_ordn. _h_
follow£n8 houro con_i_t of fabrication, inoCallaC_on, and aooombly effort
and are an Indicator of relative coots Data not availablo,

b. Schedule: Tho schedule flow timoo for thto tuaulation oyotcm aro:

P_ocurement = 5 wcoko.

Subae_embly - Not appllcable.

Installation - 6 weaka.

Checkout - No= applicable.

S c. Weight: The total as-lnstalled weigh= is 0.325 lb/f=2 broken down as
follows:

i. Foam (l_O-inch thick) - 0.250 ,b/f=2

2. Net layup - 0.075 ib/ft2

d. Thermal Performance: The Q of this system is 80 Btu/hr/ft2. The PE of
this system is 0.068 Btu/ib/hr-OF-ft".

6.1.7 Pour Foam Blocks Plus Foam Blankets

6.1.7.1 Description

This insulation system was used on S-II-I throush S-,I-5 in the area of
Cylinder 1-bolting ring (V7-532400 and V7-531001). The foam blocksand
blankets are purged with helium gas. The thermal characteristics are similar
to the helium purged system described in Paragraph 6.1.1.1.

The pour foam blocks plus blankets concept is shown in Figur, 6.1.7.1-1. The
foam blocks are prefabricated to requi_ed configuration and _hen bonded to the
tank structure, The foam blankets are a bonded composite consisting of a pre-
fabricated pour foam panel sandwiched between a plastic gas barrier film and a
nylon fabric laminate, The composite is then bonded to the foam blocks pre-
viously bonded to the tank structure. The butt Joints of the blankets are then
sealed with a filler and wet layup! l

_, 6.1.7.2 Application

a, Utilization: Thi_ system can be utili_ed in applications involving complex
geometry. It is particularly applicable where environmental or fabrication
conditions are not amenable to spray operations.

!>
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GROUPII

CATEGORYA#7 .F MBOI_mO_4FILM

/ j p Ml_Ol_O_FOAM

,, ,, ,,_ e ,0 , ..... ::' d",:_ ;, ;.[".... NYLONIh,MINATE.

P,,REFABRICAT[_POUR,FOAMgLANK=_.[

_= PREFABRICATEDBLANKET
/ r MBOZ,_O'O24/MBOZ3_'O2ZTYPEII

/ / WETLAYUP
,/ / ._ MBOI20=O24/NYLONFIBERS,

.. / ._._/ (GAPFILLERATBLANKETJOINTS)
! ..................... .,I.... .. .,_-/_-_.,

_ _, _,-_._., -.._._t

-, .......
i _'_,, _ '.,.'..,.,,.'• ._: ..'.

t

X MBOI_"O24ADHESIVE- MBOI30"Q69PREFABRICATEDFOAMBLOCK

MBO120"024ADHESIVE

TANKSKIN(ALUMINUM)

f FOAMBLANKET

/ fFOAMBLOCK

/ i,_:_;::...,r...--...j:,::ii,'./'-;.,- :-t ',

PROCESSSPEC: _'- PURGEAREA

MAO_O5-O33

_" Figure 6.1.7.1-1. Pour-Foam Blocks Plus Blankets
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be P_r£o_mamc_= Thi_ ,ay_m w_ u_ad on flva fllgh_ whlal_, all of which
w_rn flown _u_c_n£ully. I_ combination wi_h _h_ o_h_r in_!ation nyn_m
on _h_ _ag_, i_ has provldnd _ha roqu_od d_gr_n of _h_rmal p_o_e_ton,

_. _y_gom L_mi_a_ono: L_mi_a_ioao nra _ha _r_ as _ho_ doncr_.b_di_
Pa_aB_aph 6.1.5,2.

d. Deo_g_ Prob_emo: Design prob_omo associated w_._hthe _ys_e_ were pr_,nc_oo
pa_y dobonds of the foam blocks to _ank ak_n and debomda begweon _i_o foam
b_ocko and ou_or blankc_. _o_u_o_ _o _ho prob_em_ wa_ _o control _ho
_h_ckno_o of the primer syo_om and _he adhesive bond _ino.

c. Verification: _eo_s were conducted _o veri£y the adequacy o[ _hc design
o£ this sye_em as used on _he _rat five £1igh_ vehicles. These _e_ta
were conducted on 30=inch by 30=inch tes_ tanks w&th the foam system sub =
Jetted to cryogenic cycling simultaneously wi_h aeroheaCing and vibration
s_mulation (SZD 63-600=8).

,," 6.1.7.3 Thermal Performance

Thermal performance characteristics are the same for both spray foam and pour
foam blocks and blankets (see Paragraph 6.1.4.3).

.= 6.1.7.4 S_ructura_ Performance
I

The structural performance characteristics of the pour foam block plus pour
foam blanket insulation system are identical to those described for the spray
foam systems in Paragraphs 6.1.4.4 and 6.1.5.4. In addition, the desiBn of
the pour foam block system as used on the Saturn S-II results in gaps between
the foam block and tank strangers as shown in Figure 6.1.7.1-1. Hence, during
_anking and testing operations, and during launch ascent, differential burst
pressure is exerted across the outer foam composite layer resulting in bending
and shear stresses in the foam in addition to the thermal stresses previously
mentioned in Paragraph 6.1.4.4.

6.1.7.5 Materials and Processes:

a. Haterlals:

l. Foam: Polyurethane, two-component, three-pound density, foam-in-place
materia1 &_0130-069).

2. Adhesive Resin: Polyurethane, two-component, low-temperature curing
(Z_0120-024).

3. Nylon Fabric: Phenolic resin pre-lmpregnated nylon fabric for laminate
[abricatlon (MB0130-023 Type ll).

4. Woven Nylon Fabric: Nominal O.O05-ineh-thick fabric (MB0135-021
Type II). _

5. Plastic Film: Polyvinyl fluoride gas permeability barrier (MB0130-024).

I
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0 h. Processes: Fabrlc_t£on and !ns_allatlon of the prefabricated pour foam

blanket innulatod system is spac_fled in MAOf_06_033.

!. Ybatorial fltorago and Handling: All material_ are stored and handled
in accordance w_,th the requirements of their material specifications.

2. Environmental Contcol: Temperatures between 65 and 90 F and a maxi-
mum relative humidity of 70 percent are required in the immediate
working area during foaming and bonding operations.

3. Foam Block Fabrication: Blocks of foam insulation (_0130-069) are
fabricated for bonding into irregular surfaces and fabrication of the
composite overlay sheet.

(a) Molds: To provide containment for rising pour foam, open or

closed molds are assembled to produce foamed blocks conforming
to the engineering drawing or capable of being shaped, by sanding

or catting methods, so as to conform to the engineering dlawJng.
- The molds are preheated to ii0 ± i0 F and the direction of rise

is perpendicular to the primary bonding interface.

(b) Material Calculations: For each cubic inch of detail block vol-

ume in closed molds, 0.80 ± 0.04 gram of mixed MB0130-069 comps-

, ..... nests are used. For open molds, this amount is increased as

necessary to fill the mold completely.

;i (c) Mixing and Delivery:

- ' (i) Component materials, proportioned in the ratio specified by

: the manufacturer, are mixed for 23 ± 2 seconds using a

propeller-type mixer operating at 1720 • 250 rpm to produce
a mix of uniform color and of minimal air inclusion.

(2) The mixed components are then poured rapidly into the pr -

heated molds in a manner that will prevent voids due to alr
inclusions in the mold.

(d) Cure: The foam block Is cured at ii0 _ i0 F for five minutes and
allowed to remain in the mold for a total of 30 minutes. Machin-

ing to final dimensions is allowed two hours after the initiation

of pouring.

4. Foam Block Bonding:

(a) Surface Preparation: Tank wall laying surfaces must be wiped

with MEK. Foam blocks are lightly sanded and vacuumed to remove

foam dust. All faylng surfaces, including foam surfaces, are

then brush-coated wi_h polyurethane resin (HB0120-024), mixed

50 percent by volume with MEK and allowed to elf-dry a minimum
= of 15 minutes.
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(b) Adhas!ve Application: Polyurethane adhosiv_ rosin (_0120-024) '_

iS applied _o _he underside of th_ foam block in a smoothly
crowned layer using 0.45 _ 0.05 gram of resln per square Inch of

faylng surface. The rosin layer expands _o wi_hln 1/4 inch of
each of the short edges of the block surface.

(c) Assembly and Cure_ The foam block, having applied adheoivc rests,
is placed in position within ZO minueeo of adimsive application
under a uniform bonding pressure of i to 3 psi. The assembled

configuration is allowed to cure 16 to 24 hours, depending on the

ambient temperature before further bonding operations.

5. Composite Overlay Sheet Fabrication: As detailed in Figure 6.1.7.1-l,
the composite blanke_ is constructed by bonding different facing sheet
materials to either side of a foam blcck which is fabricated as

described previously.

(a) Facing Sheets: The outboard facing sheet consists of a gas.

barrier film (MB0130-024). The inboard facing sheet is fabricated

" from two plies of pre-lmpregnated nylon fabric (MB0130-023) proc-

essed in accordance with the requirements of MA0605-003.

(b) Bonding: A double box coat of MEK-thlnned polyurethane resin

(M_0120-024) is applied to all laying surfaces and air-dried a

"_ minimum of 15 minutes. The composite is assembled and cured

under vacuum of 28 ± 2 inches of mercury for 16 to 24 hours,

depending on the ambient temperature, before further bonding
operations.

6. Bonding of Composite: The inboard surface of the composite overlay
sheet and the outer foam surface in the corresponding bolt ring cavl-

ties are brush-coated with one coat of MEK-thinned polyurethane resin

(MB0120-024) and air-dried for 15 minutes minimum. One coat of

unthlnned polyurethane resin, 0.008 _ 0.004 inch thick, is then
applied to the foam block surfaces in the bolting ring cavities. The

composite overlay sheet is assembled onto =he corresponding bolting

ring cavity, avoiding all air entrapments or contamination of metal

stringers with adhesive. Bonding pressure is applied and the detail
cured 16 go 24 hours. Two coats of unthinned resin are applied to all

exposed foam edges of the composite facing sheet, allowing 12 hours
between coats.

7. Joint Overlays: Cut strips of nylon fabric (MB0135-021 Type II) over-

lapping composite Joints by 3/8 inch, are applied with 0.OOB-inch-
thick polyurethane resin and allowed to cure 16 to 24 hours at ambient

pressure and temperatures.

6.1.7.6 _anufacturing

a. Description: Pour foam blocks plus foam blankets were fabricated in a
manner similar to that described in Paragraphs 6.1.5.6 and 6.1.6.6. i_
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Pour foam blocks were manufactured by pouring a foam mixture into a tool

mold of the approximate size needed. The tool mold was made of rubber-like

material for ease of removing the foam blocka.

Foam blocks were then fitted to the spacecraft, trimmed, sanded to size,
and bonded to the substrate surface.

Foam blankets were manufactured by machine-mixing the pour foam ingredients

and pouring into a large mold (approximately 4 feet by 8 feet). The foam

was allowed to expand to a height of approximately 3 inches. The foam bun

was removed from the mold after partial cure, and allowed to cure. After
cure the bun was mounted on a special bandsaw table where sheets of foam

were sawed, then squared at edges to blanket size.

A thin plastic laminate was fabricated from nylon and resin. The plastic

w laminate and the foam panel were bonded together _o fo_m a blanket. A

Tedlsr film was bonded on the opposite sine to fozm a gas barrier.

Foam blanket assembly was then locsted and fit to the Cylinder ].-bolting
ring area. After flt-check the bond surfaces of the blanket and foam
blocks were covered with adhesive, the panels located, vacuum bagged, then

_ cured. The vacuum bags were removed and gaps between the blankets were

filled with nylon fibers and adhesive, then sealed with a wet layup tape

2:1__:" and cured.q i!

The fabrication and installation sequence for p_ur foam plus foam blankets
is shown in Figure 6.1.7.6-1.

I b. Tooling and Equipment: Tooling consisted of a pour foam tool for blocks,
a large mold for the blankets, and a platen for making the plastic laminate
sheet and bonding the blanket assembly.

Equipment consisted of foam mlxing chamber, roller tables, special band-

saws, vacuum pumps and accessories, and miscellaneous spatulas, sandpaper,

and mixing containers.
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6.1.7.7 Quality Assurance

a. Raw Material Validation: Perishablc raw materials are tested periodically
to verify continued conformance to specification requirements. See

Table 15.3.1,4-1 for the level of testing performed on raw materials
applicable to this design.

b. 9ubassembly Process Control (MA0606-033).

i. Application of Primer (MB0120-032) per MA0106-045: The bolting ring
and Cylinder No. 1 subassemblies were primed with MB0120-032 and heat-

cured in the detail prior to assembly in the vehicle stack. The

primer system was identical to that employed in the basic inuslation
design. Quality control measures are established in Para-

graph 6.1.i.7-b-i.

2. Foam Block Fabrication: The quality control provisions were as noted

in Paragraphs 6.1.6.7-b and 6.1.6.7-c-i.

3. Foam Blanket Detail Fabrication:

(a) Foam: Same as in Paragraph 2 above.

_._ (b) Nylon Laminate: The laminate was fabricated in accordance with

MA0605-003. Quality control provisions are noted in _

Paragraph 6.i.5.7-a.

(c) External Gas Barrier Film: The external film material was

Tedlar, procured to the requirements of MB0130-024.

4. Foam Blanket Detail Bonding: Flatwise tensile strength test coupons

were fabricated and cured simultaneously with the bonding of the fosm

blanket details into the final insulation composite. The test coupons
contained an identical buildup of materials as contained in the

blanket composite: Tedlar film, foam, and nylon laminate. Testing

was conducted per ASTM D-1623, Method B.

5. Foam Block and Blanket Installation: The foam blocks were bonded to

the bolting ring structure using polyurethane adhesive (MB0120-024)
and mechanical bonding pressure of 1-3 psi. After a minimum 24-hour

cure, the insulation blankets were bonded to the blocks with MB0120-
024 adhesive. In each bonding operation, flat_ise tensile test

coupons were fabricated simultaneously with the production bonding
operation. Testing was conducted per ASTM D-1623, Method B.

c. System Checkout (MA0201-4266): Following completion of all subassembly
installations, the e_tire insulation systc_ encompassing the Cylinder
No. 1 - bolting rlng area was subjected to a final functional cbo.ckout.

)
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The inspection sequences consisted of a comprehensive visual, l_ak check,
proof pressure, and final verification of leakage and ultimate flow rate.

i. Leak Check: The insulation system was slowly pressurized to two pslg

with gaseous nitrogen and leak-checked per the bubble fluid technique
described in MA0615-003.

2. Proof Pressure Test: Using gaseous nitrogen, the system was pressurized
to 0.5 pslg in approximately five minutes and held for ten minutes.

The time, temperature, flow rated and pressure was recorded at two-

minute Intervals. Using the same procedure, the system was ultlmately
pressurized to 2.6 to 3.0 pslg. Maximum allowable Leakage at unls
pressure was 150 scc/sec (0.32 scfm).

6.1.7.8 Repair and Maintenance

a. Repair: No structural repair procedures were developed. The insulation

system exhibits a hlgh adhesion mortality rate following cryogenic expos-

....;.__ , ure. Successful repair of foam block debonds was accomplished by rebond-

ing to a bare aluminum tank wall with glass fabric-relnforced epoxy

i! adhesive (MB0120-023) .

b. Maintenance: No special maintenance procedures are required,

6 1.7.9 Reliability

The only identified failure mode is tearing away. Results are presented in
Table 6.1.7.9-1.

Table 6.1.7.9-1. FMEA - Pour Foam Blocks Plus Blankets

Subsystem or Mission Effects

Component Failure Mode Remarks
,, |, ,,, , ,L ,,

Cylinder No. i and Tears Away From Possible mission scrub.

Bolting Ring Structure Increased boiloff, heat
Foam Blocks, transfer rate increased.
Bonded

6.1.7.10 Safety

This insulation system uses pour foam in two different applications. Safety

requirements for pour foam are described in Paragraph 6.1.6.10.

6.1.7.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are considered

_ to be an indication of the installation complexity of the insulation sys-
tem and are derived from internal Manufacturing department records. The
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following hours consist of fabrication, Installatlon, and assembly effort
and are an indicator of relative cost: 39 hours per square foot.

b. Schedule: The schedule flow times for this insulation system are not
available.

c. Weight: The total as-lnstalled weight is 0.813 Ib/ft 2 broken down as
follows :

i. Film (MB0130-024) - 0.0172 Ib/ft 2

2. Adhesive (MB0120-024) - 0.0600 lb/ft 2

3. Foam, 3 Ib/ft 3, 0.50-1nch thick (MB0130-069) - 0.1253 ib/ft 2

4. Adhesive (MB0120-024) - 0.0600 lb/ft 2

5. Type II Nylon (MB0130-023) - 0.0546 ib/ft 2

' 6. Adhesive (MB0120-024) - 0.0600 ib/ft 2

7. Foam, 1.50-1nch thick (MB0130-069) - 0.3758 ib/ft 2

:_: 8. Adhesive (MB0120-024) - 0.0600 ib/ft 2

d. Thermal Performance: The Q of this system is 140 btu/hr/ft 2. The pK of
this system is 0.084 btu-lb/hr-°F-ft 4.

6.1.8 Cork - Bonded Over Foam

6.1.8.1 Descrlption

The cork-bonded over foam syst_.m was developed for use on the S-II stage in

conjunction with the spray foam insulation (V7-531247). Aerodynamic heating

and aeroshear cause excessive erosion of unprotected spray foam in protuberance-

influenced regions. This system is designed to provide erosion protection for

spray foam insulation in these areas.

The configuration shown in Figure 6.1.8.1-1 is a typical protuberance-lnfluenced

region with the protective system installed.

The bonded-in-place deslgn is shown in Figure 6.1.8.1-2. A rall assembly con-

sisting of foam-filled honeycomb core and bonded cork is prefabricated for
use in ramp areas and is shown in Figure 6.1.8.1-3. The rall assembly is

bouded to the tank skin, foam is sprayed in place on either side of rail, and

then co':k sheet is bonded cver the foam surface. This configuration, along

with the outer coatlng, is shown in Figure 6.1.8.1-4.

A nylon wet layup is installed in the area of the aerodynamic fairlngs to

satisfy structural requirements. The configuration Is shown in i'

Figure 6.1.8.1-5.
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Figure 6.1.8.1-2 Bonded Cork Concept
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it,
A standoff configuration used at aerodynsmic fairing attach points in shown

in Figure 6.1.8.1-6. Th_s dustgn isolates any eryopumped air and r_vaporiza-
tion assoc_ta_ed with loakag_ arotmd the standoff spacers.

The mechanically attached donjon is shown in Figure 6.1.8.1-7. A cork shoot

spacer is installed in a recess in the spray foam insulation and Is rots!nod

by the systems tunnel structure.

6.1.8.2 Application

a. Utilization: The cork/foam system is unique to the S-If stage where a

combined low thermal conductivity and hlgh-temperature protection system

is required. This system has utility such as on the nose cone or leading
edges of space vehicles where similar performance requirements must be
me t •

b. Performance Characteristics: This insulation system has been installed
on nine S-II vehicles, six of which have been flown. Data from the flight

• have indicated no structural failures or resulfing thermal degradation of

the insulation system.

c. System Limitations: This system was developed to meet the requirements of

the S-If program as discussed in Section 5.0. The materials and configu-

.o_,,,.. rations are limited to the constraints of that program. Limitations are

based on prelaunch and flight temperatures and tank strain conditions that L
prevailed in the selections of materials and processing variables. t

: The system is limited to the prelaunch temperatures shown in Fig-

_ ure 6.1.8.2-1. During boost the maximum cork-to-foam bondllne inter-

face is limited to 200 F. Limiting tank strains are shown in

ii Figure 6.1.8.2-2.

i d. Design Problems: Principal design problems experienced during development:I
i_i of the cork/foam insulation system are summarized in Table 6.1.8.2-1.

Table 6.1.8.2-1. Cork Bonded to Foam - Problems and Solutions
...... , i ,, ,,

Problems Solution
u , ,

Debond of rails from tank surface Limit epoxy adhesive thickness to

during stage cryogenic tests an equivalent 0._ to 0.3 gram/in. 2
(0.023 in.) at contoured tall inter-
face to tank surface mold line

Inadequate access to rails for Provide adequate access on all edges

bonding to allow access for installation and
bonding
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IN. (MAX) IN. CORK

t4 T6 Te
T1

2.2 IN

!:: "_i_ FOAM0"75IN.(MIN) !.42[MINIMUM (REF)|
;_,_ ! CROSSSECTION THROUGH CORE RAIL
i_! SEEFIGURE 6. 1.8. I-2

_-_._ LOCATION TEMPERATURE(F)
T1 -105

,.j T2 - 190

T3. -17o
T4 -17
T5 -27
T6 -5
T7 -13
T8 -135
T9' -160

i TII III II I I

Figure 6.1.8.2-1. Spray Foam Hinlmum Design Temperatures
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t ¢.
Table 6.I.8.2-1. (Cont)

Problems Solution
m,, i i , i

Debonds of cork to foam associated Isolate standoffs from cork-foam

with leakage around standoffs interfaces.

Contamination of metal surface Provide masking and cleaning pro-

auJacent to rails cedures that preclude residue from

tape or chemlcals in the bonding
areas.

Corrosion at primer interfaces Allow a 1/4- to 1/2-inch overlap of

(HBO125-047/MB0120-032) primer MB0125-047 onto MB0120-032.
L

e. Design Verification Tests: A series of tensile (dogbone) tests and small
panel tests were conducted to verify the cork bonded to foam design

_--_!' concept (SD 69-96)_ Figure 6.1.8.2-3 shows a typical dogbone tensile

specimen. Small panel tests included the followlng:

1. A 30- by 30-1nch test panel (Figure 6.1.8.2-"+) _ylth a ramp configura-

tion that had inside and outside 90-degree corners. The panel was

,,._, tested through five fill and drain cycles with aeroheatlng (peak of
445 F) and vibration imposed on the fifth cycle. The panel showed

no _igns of failure on post-test inspection.

2. A 30- by 30-inch test panel fabricated to the forward skirt configu-

ration with the cork-foam ramps. The panel was cycled five times with

LN2 to simulate the tempera,_ure conditions on the forward skirt,

3. Aeroshear panels to verify the shear capability of the cork-foam

adhesi _e system.

4. Cork debond panels to ev,-luate the limit size debond acceptable under

pressure-cycllng and st_ :it _ressure conditions.

Design verification of mechanically attached cork was made through

cryogenic tests conduct _ on the S-If stages. The system functioned as

required with nJ prob I_ ,J experienced with the design.

6.1.8.3 Thermal Performance

_ An important thermal performance characteristic of cork is its use as an
:- eroslon-protectlon system to limit the surface erosirn of the basic foam

(spray-on or ,pour) due to aerodynamic heating and shear stress encountered

during S-IC/,%-I! boost. The cork surface coating provides a heat sink and an
ablative surface, thus protecting the basic foam system throughout boost.

[,
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Using 0.25 Inch of cork bonded tO 2.2 inches of foam at the point of maximum
heating, the maximum surface and cork-foam bondline temperatures obtained are
790 F and 232 F, respectively. This indicates a possible overtemperature (the
cork-foam bondline temperature is limited to 200 F). There are two other
regtotxs where an overtemperature occurs, but the regions are small, a total of
5 square feet. All other areas of the S-II do not exceed a bondllne tempera-
ture of 200 F before 200 seconds of S-IC/S-II boost.

Two cork densities were analyzed. They were 8 and 30 ib/ft 3. With a 0.02-

inch flber_lass phenolic cover over the 8 ib/ft3 cork, the maximum surface and

cork-foam bondllne temperatures during an S-If mission were found to be 717 F

and 318 F,respectively. Corresponding values for 30 Ib/ft 3 density cork are

600 F and 245 F. Without the fiberglass cover, the maximum surface and cork-
foam bondline temperatures for 8 lb/ft 3 cork were 784 F and 307 F. Corre-

sponding values for the 30 lb/ft 3 cork are 650 F and 237 F. The cork thick-

ness used in the variable density analysis also was 0.25 inch. The only area

where cork is mechanically attached is between the systems tunnel flanges and

the foam to provide an erosion barrier for the foam adjacent to the tunnel.

' The bonded cork analysis indicates that the ma_;imum surface temperature in this

area is 384 F and the maximum cork-foam bondllne temperature is 133 F. The

temperature of the system tunnel fasteners is estimated to be 705 F. The

heat flux from the fasteners to the LH2 tank is 12 Btu/hr/bolt.

6.1.8.4 Structural Performance

Significant factors affecting the structural integrity of this insulation

sys ternare :

a. This insulation system utilizes _rganlc materials which exhibit a vlsco-
elastic behavior different from the elastlc behavior of metals. The

stress analysis of organic materials is discussed in Section 8.0.

b. The thlcknezs of the adhesive layers must be properly controlled to insure

proper bonding between the rail assemblles, tank wall, and cork.

6.1.8.5 Materials and Processes

a. Materials :

1. Foam: Two-component, flame-retardant polyurethane foam, 2 ib/ft 3

densitT, for spray application (MB0130-077).

2. Prlmers:

(a) Adhesive primer, epoxy base resin, two-component, heat curl_g

(MB0120-032) .

(b) Adhesive primer, polyester/isocyanate, two-component, room-

temperature curing (MB0120-042 Type If).

(c) Epoxy amine corrosion preventive primer, two-component, room- _)

temperature curing (MB0125-047).
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, 3. Adhesives:

Ca) Epoxy adhesive, low-temperature curing, two-component, for use
_ from-250 to +500 F (MB0120-O08).

i_ (b) Modified epoxy, low-temperature curing, two-component, for
_ cryogenic usage (MB0120-023).

':_i 4. Adhesive resin: Polyurethane, two-component, low-temperature
[

!_ curing (MB0120-024) .
5. Glass fabric, scrim type (MB0135-008).

6. Nylon fabric, woven (MB0135-021).

7. Glass fabric, phenolic resin-lmpregnated, elevated temperature-
,_ resistant (MBOI30-O04).

._i. 8. Honeycomb core, heat-resistant phenolic, 3/8-inch cell, 3.2 ib/ft 3
density (MBOI30-OI4 3/8-3.2).

9. Cork, for use as ablative and thermal insulator, 30 ib/ft 3 nominal

density (MBOI30-020 Type I).

_ I0. Exterior Coatlngs:

(a) Elastomeric polyurethane base coating material, two-component
(MB0125-045).

(b) Vinyl color coat material, slngle-component (MB0125-046).

b. P;ocess: Installation of this system i,_ controlled by several process

specifications. In addition, much process information is presented on
the applicable engineering drawings.

1. Material Storage and Environmental Control: All materials are

stored and handled in accordance with the requirements of applicable

specifications. Environmental requirements are controlled by the

applicable process specification. In general, processing is per-

mitted at temperatures between 60 and 90 F and a maximum relative

humidity of 70 percent. _¢mperature and humidity controls are

required for spray foam application. Substrate temperature controls
(to avoid water conden@atJ .i)are required during adhesive bonding.

2. Bonded-ln-place configuration:

(a) SurfacE: Preparation: When insulating the primary structure with

foam, it is usually more expedient to cover the entire structure
with insulation and then remove the foam from the areas requiring

/_ subsequent detail installation. For this bonded-in-place configu-
ration, a special engineering drawing (V7-531370) specifies areas
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of foam removal, The foam is removed with non-metallic cutting -
tools per HA0606-050. Sufficient excess foam is removed around

the periphecy of the detail to be installed to facilitate bonding
operations.

Metallic surfaces to be bonded must have all primers removed per
MA0610-022. Care must be exercised to prevent damage to the tank
wall and the adjacent foam insulation by the acid stripper
required to remove the primers.

The bare aluminum surface is prepared within 12 hours of actual
bonding by etching per MA0610-023. During the tlme between
primer removal and etching for bonding, exposed aluminum must

be protected from corrosion per MA0609-007.

(b) Composite Detail Assembly: Honeycomb core (H30130-014) details
are filled with spray foam insulation material (MB0130-077) in
accordance with MA0606-050.

Cork insulation (MB0130-020 Type If) is then bonded to the detail

I per MA0606-061. Cork details are trimmed as required by the
engineering drawing. The cork, foam, and core-foam faying sur-
faces are llghtly sanded and vacuumed clean.

Epoxy adhesive (MBOI20-O08) is prepared and uniformly applied to-
glass scrim cloth (MB0135-008) to produce a final tape weight of

0.22 to 0.27 gram per square inch. the edges of the cork details "'

which will form a butt Joint on assembly are coated with suffic-

ient adhesive to fill the Joint gaps. The adhesive pot llfe and
working life are defined and specified in MA0606-061.

The adhesive tape is positlc_ed on the cork detail and the com-

posite assembled under a minimum vacuum of 10 inches of mercury
and held under vacuum until a minimum of 6 hours is accumulated

_. at a minimum of 65 F. The adhesive must attain a minimum Shore D

= hardness reading of 75 prior to application of the coating.

i:i (c) Structural Bonding: Following surface preparation, core-foam

composite details are bonded to the structure In accordance with
HA0606-050.

_ Epoxy adhesive (MB0120-023) Is combined wlth glass scrim cloth
(MB0135-008) to provide a final tape weight of 0.20 to 0.27 gram

_. per square inch. The adhesive tape is applied to the core/foam
composite and a thin butter coat of epoxy adhesive (0.03 gram

per square inch maximum) is applied to the aluminum faylng sur-

face. The core-foam composite is positioned onto the tank wall

under a maximum pressure of 8 psi and allowed to cure 48 hours at

temperatures of 6C to 90 F. The first 12 hours of cure must be

above 65 F and under pressure.
!

q
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I Joints between adjacent core-foam composites are also bonded with
epoxy adhesive and glass scrim cloth in the manner outlined in the

proceeding paragraphs. Any bare metal still exposed following the
bonding operations must be coated with epoxy amine primer

(MB0125-047). The primer should overlap onto the core/foam com-

posite to assure complete coverage of the tank wall.

(d) Foam Insulating: Areas adjacent to the bonded core-foam com-

posites requiring closure are filled with spray foam insulation
(MB0130-077) in accordance with MA0606-050. The process is

described in Paragraph 6.1.4.5. The foam insul,.tion is trimmed

and hand-sanded to the proper dimensions.

(e,_ Cork Bonding: As required by the engineering drawing, cork

insulation is applied over spray foam and unprotected core-

foam surfaces. The process is performed in accordance with
= MA0606-061.

!.....- (f) Joints: All cork-to-cork bu_:t Joints, with the exception of the
._ joint at the outer mold line transition point (see

-! Figure 6.1.8.1-4) are covered by a wet layup consisting of one ply

of nylon fabric (MB0135-021 Type II) and polyurethane resin
(MB0120-024) in accordance with MA0605-014 Method I.

I The Joint at the outer mold line transition point (noted above)
--_ is sealed with polyurethane resin (MB0120-024) modified with

adipic acid in accordance with processing information specified

on the engineering drawing.

Adhesive resin is prepared by combin,-.g 0.4 to 0.8 gram of adipic

acid with 50 grams at solld curing agent. The mixed curing aged
(12.6 to 12.7 parts) is melted at 250 F and combined with

i00 parts of base resin. The pot life oi-"the mixed adhesive is

30 minutes. Two uniform seal coats of resin are applied, allow-

ing two hours at 70 F minimum or 24 hours at between 60 and 70 F.

(g) Protective Coating: The insulation surfaces are protected from
weather exposure, fungus, and discoloration by application of a

polyurethane coating material (MB0125-045) and vinyl top coat

(MB0125-046). Three coats of polyurethane and one coat of vinyl

top coat are required by MA0608-015.

3. Aerodynamic Falrings and Attach Points: Areas adjacent to aerodynamic

fairings which require cork insulation are assembled as shown in

Figure 6.1.8-5.

A wet layup consisting of nylon fabric (MB0i35-021 Type II) and

polyurethane resin (MB0120-024) is applied to the appropriate areas of
foam insulatlon per MA0605-014 Method I.

I
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Cork insulation (MB0130-020 Type I) is bonded to the foam insulation

adjacent to the aerodynamic fairing in accordance with MA0606-061.

The cork surfaces are protected from weather exposure, fungus, and

discoloration by application of a polyurethane coatln 8 material
_' (MB0125-045) and vinyl top coat (MB0125-046). Three coats of

polyurethane and one coat of vinyl top coat are required per
MA0608-015.

Fairing attach points required by engineering drawing to exhibit the

conflguration illustrated in Figure 5.1.8.1-6 are processed in

accordance with requirements on the engineering drawing.

A "dumy" standoff spacer is inserted on the tank wall prior to spray

foam appllcatlon. Followlng spray foam appllcatlon and cork bonding

(described previously) a non-meta111c conlcal trepanning tool is used

to remove foam to the tank wall around the dummy insert and the insert
is removed. The exposed tank wall is cleaned to remove any foam
residue.

A separate spool-shaped stainless steel insert is coated with primer

(MB0120_042 Type ZI) and spray foam-insulated per MA0606-050. The

foamed spool piece is subsequently machined to the configuration shown

_ in Figure 6.1.8.1-6.

A speolal polyurethane based sealing materlal is prepared by melting _:J
solld polyurethane curing agent (MB0120-024) at 250 F, mixing

12.5 parts by weight of the melted curing agent with one part of

Z-6040 silane and 100 parts by weight of polyurethane base resin, and

adding 15 _I parts by weight of 1/32-1nch glass fibers. The resin
sealer is then applied to the foamed insert, the cork insulatlon,

the foam cavity, and the tank wall and allowed to cure until tack-free.

The insert detail is bonded to the tank wall with polyurethane resin

(MB0120-024) per MA0606-039. A bolt, coated with fluorocarbon release

agent, is used to secure the insert in to the tank wall by appllcetion

of 15 to 20 Inch-pounds torque.

Exposed cork surfaces are protected from weather exposure, fungus, and

discoloratlon by application of polyurethane coating (MB0125-045) and

vlnyl top coat (MB0125-046) per MA0608-015.

Fluorocarbon release agent is then applied to the Insulatlon cavity as

shown in Figure 6.1.8.1-6. The materlal is applied by aerosol spray.

4. Mechanlcally Attached Cork (Figure 6.1.8.1-7): Spray foam insulation

is appllen to the primed tank wail per _L_0606-050 and as described in

Paragraph 6.1.4.5.
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A cavity, the size and location of which is specified in the engineer-
ing drawing, is cut into the foam insulation using nonmetallic tools.
A cork detail is cuc to the dimensions specified on the engineering
drawing. A major portion of the cork surface is coated with polyure-
thane sealant (HB0125-045). Two coats of sealant are applied per
HA0608-015. Provisions for elevated temperature cure are contained
on the engineering drawing. That portion of the cork surface which

will become a substrate for spray foam insulation is coated with a
polyurethane resin (MB0120-024) per MA0606-050.

The cork detail is mechanically attached to the structure and a piece

of Teflon tape is inserted to provide a release surface as shown in

Figur e 6.1.8.1-7. Spray foam insulation (MB0130-077) is then applied

to the appropriate cork and foam surfaces per MA0606-050. Non-

protected cork and foam surfaces are coated with polyurethane

(MB0125-045) and vinyl top coat (MB0125-046) per MA0608-015.

6.1.8.6 Manufacturing

a. Description:

i. Bonded in Place: Cork ramp bonding operatlons were performed after

the LH 2 tank sidewall was spray foamed. Cavities were machined into
__ the foam with high-speed phenolic cutters mounted on a hand-operated

,_ router tool. Foam removal from the tank wall was completed using
.... phenollc chisels. The area was then masked and prepared for etching,

cleansing, air drying, and bonding.
?

_ Rall assemblies were fabricated in the following steps. Foam-filled
honeycomb details were trimmed and sanded using templates. Cork

i_ sheet details were trimmed and preflt to the foam-filled honeycomb

'_ details. Adhesive tape was prepared by applying adhesive to glass

scrim cloth. The adhesive tape was positioned on cork detail faying
surface and trimmed to size of detail. Cork was installed on foam-

filled honeycomb detail in same location as during preflt operation.

Vacuum bag was installed and adhesive was cured under vacuum pressure.

The bonding operation of the tall assemblies to the stage is per-

formed in the following steps. Rall assemblies were trimmed and preo.

fit to the LH2 tank wall. An adhesive tape was prepared by applying
adhesive to glass scrim cloth. The faylng surface of the rail to be

bonded was placed on the adhesive tape and the tape trimmed at the
periphery of the part. A butter coat was spread on the appropriate
area of the tank to wet the surface. Positioning of the rail on the

tank was the same as during the preflt. Vacuum pressure was then

applied and the area cured. Trimming and removal of adhesive flashing

at edge of bonded rails was then accomplished. Wet layup was Installeo

at butt Joint of rails (see Figure 6.1.8.1-2).
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Spray foamin8 operations were accorapll_hod in the following _tepa.
Cavities adjacent to the installed rail_ wore cleaned and primed.
Cavities were filled wt_h Bpray foam per MA0606 050. Fo_ wn_
trimmed and _anded to fair _n with th_ _urrounding loomed aro_.

Wet layups were installed in fairing areas (Figure 6.1.8.1=5) an
follows: Polyurethane resin was applied to laying surface of foam.
Nylon fabric, triced net, was .opliod to coated area of foam. An
additional coat of resin was applied to fabric and air inclusions and
excess resin rubbed out.

Flat cork sheets were installed as follows. Adhesive tape was posl-
tioned on the cork detail faylng surface and scrim trimmed to the size

of the detail. Cork was positioned over the foam in the sa_e location

as dUrln 8 the preflt operation. A vacuum bag was installed and

vacuum pressure applied. The assembly was allowed to cure while under
pressure.

..... Protective coatings were applied as follows. Polyurethane resin seal
coatings were applied at cork butt Joints. Seal and color coat was

:_ applied to outer surface.

Standoff spacer machining and installation were accomplished as

_.. follows, Fairing attach points were recessed with a non-metallic

conical trepanning tool and standoffs installed to the configuration _1[Ishown in Figure 6.1.8.1-6.

Figure 6.1.8.6-1 presents the manufacturing flow diagram.

2. Mechanically Attached: Cork was Installed on both sides of the S-II
system tunnel which consisted of strips held in place by the tunnel

cover fastener screws for the full 1/2-inch by 3-inch length of the

LU2 tank sldewall.

Cork strips were cut to size with a sharp knife, then chamfered on one

edge with a router. Holes to match the standoff studs of the systems

tunnel were drilled in the cork strips with a special tool incorporat-

ing adjustable tooling bushings. After holes were drilled and the cork

hand-sanded, two coats of sealant were applie_ with a nylon bristle
brush and cured for 24 hours between each coat. Cork strips were

color-teared and allowed to cure. After cure they were installed in
their respective iocationz wi_h a temporary tool simulating the sys-
tem tunnel cover. In the final assembly station, after checkout of
operations, the systems tunnel cover was installed with mechanical
fasteners through the cork _'nto the tank completing the attachment.
Figure 6.1.8.6-2 is the manufacturing flow diagram of mechanically
attached cork.
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I_ If '

b, Tooling and Equipmen=: Tooling consisted of router-adapted fixturea for
each of the falrlrg configurations, cork ramp bevel fixtures, grooving

tools for cork flanges, trim tool for fairing attach configuration, a
circumference trim tool around tank, a slot router tool, special phenol_c
cu=Eers, rall and block templates and trim too]s D and trim skates.

Equipment consisted of router motors, vacuum source, and system of hoses,

gages, fittings, and regulators; caulking guns; refrigeration for "B"

stage wet layup laminates; spray foam gun and mixing nozzle assembly;

foam depth proximity device; protective covers; holding fixtures; mechan-

ical saws and related attachments; and scissors, knives, depressors,
paddles, towels m tape, polyethelene film, contalners, bleeder cloth, and

kraft paper.

6.1.8.7 Quality Assurance

The majority of the quality control aspects of the insulation configuration

= shown in Figures 6.1.8.1-1 through 6.1.8.1-7 are directly related to spray-on-

foam-lnsulation and are establlshed in Paragraph 6.1.4.7. Areas unique to cork

as a thermal insulator are depicted in Figure 6.1.8.1-4. Speclflcallyj the

quality control techniques covered in this section of the report are associated

with the structural bonding of the tall assemblies to the tank wall and the

,_:_. bonding of exterior cork to the composite.

a. Raw Material Validation: Perishable raw materials are tested periodically

to verify continued conformance to specification requirements. See

Table 15.3.1.4-1 for the level of testing performed on raw materials

applicable to this design.

b. Subassembly Process Control:

1. Structural Rail Bonding (MA0606-050) :

(a) Prefit: In cases where the rall assembly traversed a weld bead

or other surface irregularity, the rall was contoured to assure

uniformity of the subsequent bond line. An impression check was

performed using a 10-rail sheet of Mosites rubber. A uniform

impression was verified when minimum bonding pressure was applied.

(b) Surface Preparation: Surfaces were etched and controlled per
MA0610-023 wit', the attendant verification of proper pH and
water break-free surface.

(c) Bond Line Thickness Control: The adhesive (MB0120-023) plus

glass scrim cloth (MB0135-008) was verified by sample weight to

be within 0.20 to 0.27 gram per square inch. In addition, the

total adhesive weight was verified to be between 0.20 and

0.30 gram per square inch by controlling the adhesive applied

!

"i
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r,
r'

directly 'to the metal substrata (the "butter coat"), t.o a >
maximum of 0.03 gram per square inch. This was accomplished
by calculating the bond area and the determination of applied
adhesive by weight loss in the adhesive container.

(d) Process Verification Test Coupons: Lap shear strength test
coupons were fabricated simultaneously with the production bo'-
lug opera¢ion. Final acceptance of the production rail assembly
was ba_ed on the lap shear strength results.

2, Sheet Cork Bonding (MAO606-0bI):

(a) Bond Line Thickness Control: The adhesive (MB0120-008) plus
glass scrim cloth (MB0135-008) was verified by sample weight to

be 0.22 to 0.27 gram per square inch.

(b) Visual Inspection: Subsequent to the vacuum ba 8 bonding opera-

tion, the cork was visually inspected for apparent voids and

•=; overall cork integrity. The chances for bond line voids were
extremely negligible becau, , the fact the cork was cured under
vacuum. The cork was sufficiently porous to remove entrapped

air during the cure cycle.

....... (c) Process Verification :rest Coupons: Sample adhesive (MBO120-002)
castings were taken from each mix of adhesive employed in the "

production bonding operations. Following cure, each test ....

sample was verified to have reached a minimum Shore "D" hardness
of 75.

c. Quality Verification of Final Assembly: Final acceptance of the completed
assemblies was based on the inspection points established in Paragraph
6.1.8.7-b. Subsequent visual inspection was performed, however, at the
Mississippi Test Facility inmediately following static firing of the

stage.
7

ii 6.1.8.8 Repair and Maintenance

i a. Repair: Repair and rework of discrepant foam insulation is described in
I Paragraph 6.1.4.8. In-process rework is allowed to bonded cork insulation

I only to the extent of incompletely filled butt Joints per MA0606-061. Allother repairs to bonded cork require Materta'_ Review Board approval.

!
j b. Maintenance: No special maintenance procedures are required for these

i insulation systems.

i 6.1.8.9 Reliability

There was no detailed failure mode effects analysis '£Ormulated because of the

l absence of any obvious first-order failure modes.
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i_ 6.1.8.10 Safety

a. Fabrication and Installation: Tnls insulation system utilizes a large
number of detail parts of different types and kinds. The individuals

processin s these detail parts are exposed to a greater variety of hazards

than if they were to process a single variety alone.

Careful fitting of the insulation detail parts is necessary to Ins,,re the

integrity of the resulting assembly. Many interfaces are present _hat

would lead to large gaps or voids if these interfaces are not sealed by
carefully flttln E the parts.

Durin 8 assembly of this system it is necessary to verify that errors of

installation are not covered by later installations. In-process inspec-

tlon and testln 8 must be used to verify that each portion of the system is
sound prior to the installation of the next part.

Additional safety requirements are given in Paragraph 6.1.1.10.

b. Cork Insulation Use: The applied cork is relatlvely fragile and damage

is easily incurred after the installation is complete. When the exterior

surface is struck by heavy objects the facing sheet can be de]amlnated and
lead to loss of efficiency. Care should be exercised in the use of cork

to insure that no damage to the insulation surface is sustained.

After each cryogenic exposure the exterior surface of the cork insulation
should be inspected for damage. Any damage should be repaired and tested

prior to another cryogenic exposure.

6.1.8.11 Design Effectiveness

i

a. Cost: The manufacturing dlrect labor hours per square foot are considered

' tO be an indication of tkteinstallation complexity of the insulation sys-

tem and are derived from internal Manufacturing department records. The
hours consist of 9abrlcation, installation, and assembly effort and are
an indicator of its relative cost. Data are not available on these costs.

b. Schedule: The schedule flow times for this insulation system are:

Procurement - 4 weeks.

Subassembly - 1 week.

Installation - 6 weeks.

Checkout - " week.

c. Weight: The total as-lnstalled weight (cork and honeycomb rails) is
1.62 Ib/ft 2 broken down as follows:

i. Honeycomb, 3/8 cell, 3.2 Ib/ft 3 1.6-1nch thick (MB0130-014) -
-" 0.426 ib/ft 2 '

6-137
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2. Foam, 1.6-inch chick (H_0130-077) - 0,267 Ib/ft 2 |#i

3. Adheslve/scri¢ (MB0120-008/MBOZ35-008) - 0,071 !b/ft 2

4. Cork, 0.25-inch thick (MBO130-020 Type 1) - 0.625 Zb/ft 2

5. Seal coat (t_0125-045) -.072 lb/ft 2

6. Color coat (MB0125-046) - 0.024 lb/ft 2

7. Primer (MB0125-047) -0.005 ib/ft 2

8. Adheslve/scrim (MB0120-O23/MB0135-008) - 0.126 lb/ft 2

9. Primer (MB0120-042 Type II/HB0120-032) - 0.003 lb/ft 2

d. Thermal Performance: The Q of this system is 80 btu/hrlft 2. The pK of

_,_ this system is 0.07,6 btu/ib/hr-°F-ft 4.

6.1.9 Polyimide Erosion Barrier - Mechanically Attached

6.1.9.1 Description

....._:_ A polylmide panel system was proposed as an erosion barrier over spray-on

foam insulation on the INT-21 and the Expendable Second Stage (ESS) studies _
(SD 70-684). The outer polyimide facing sheet protects against aerodynamic

shear and the space between facing sheets provides thermal resistance to aero-

dynamic heating. In localized protuberance-influenced regions, the thermal

resistance would be increased by the addition of an ablator to the outer

facing sheet.

The erosion barrier concept and related details are shown in Figures 6.1.9.1-1

-i through 6.1.9.1-4. Rigid panels, utilizing lightweight sandwich construction,
-i are made of heat-resistant phenolic (HRP) honeycomb core with polyimide facing

i sheets. The panels ar_ fabricated with a smaller radius _f curvature than the

i radius of the tank to assure edge clampdown between adjacent panels. A panel

Joint with overlap is shown in Section A-A. Detail _ shows the slotted hole

concept selected for retaining the panels. Orientation of the slots allows

_ for axial and circumferential tank movement and expansion and contraction of

the panels. Section C-C shows a concept for attaching the panels to the tank
structure.

6.1.9.2 Application

a. Utilization: The polylmlde sandwich barrier has many applications where

a combined insulation and erosion barrier is required. The polyimide

material has good high=temperature properties, is nonflammable, and can
be fabricated according to existing processing procedures. The system as
designated for the advanced S-ll boosters allows attachment over the foam

insulation either In manufacturing or in the field, i/

6-138
SD 72-SA-0157-I

O0000004-TSB06



#t_ SpaceDivisionNorthAmencanRockwell

POLYIMIDEFACING "

S (.012) - HRP

TANKSKIN _- FOAMINSULATION
Q SECTIONA-A

Figure 6.1.9.1-2. Panel Detail

,: 6-139

SD 72-SA-0157-I

O0000004-TSB07



t

#_ Space DivisionNorthAmericanRockwell

1

,CREW

BUSHING HARDSPOT(SYNTACTIC
FOAM)

| t
I I i

_ (PHENOLIC/GLASS_. ,,, - FIBERS)

SECTIONC-C .
Figure 6.1.9.1-4. Panel Attach_ilent :_
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• . _ b. Performance Chara_toriqties" Performance eharaeteri_ties of thi_ system
have boon obtained thr,mgh lim_,_ed laboratory _s and analy_ln
(SD 70-684). The data indicate _hat _he. oyflt(_.m iS feasible and would
provide adequate prot,_ecion for launch s_age_,_,

c. System I, imitatton_. Limitations on the sy_t.om a'co_ (!) on _ha panel
dimenfl_ons compatible wl_.h the aerodynamic f')rceo (_l_oar, flutter, and
&p across panel) and (2) the max£mum _emperature capabll±t:_ of the
polylmide materials. Test data and analysis indicated a _ImitaLion on

the panel size of roughly 60 inches by 60 inches by 5/]6 Inches w1_h

eight attachment points. The maximum _amperature capabl 1_ty was deter =
mined in aeroheating type _ests to be i000 F.

d. Design Problems: The program conducted fo_ evaluation established

i feasibility of the system. The nature of the problems experienced were
_ primarily those associated with a laboratory program and were not con-

i_ sidered as design problems.

<
_ ,, e. Verification: No verification program was conducted. Limited test was

_! done as described in SD 70-684 to establish feasibility.
=,

; 6.1.9.3 Thermal Performance
U,

The important thermal performance characteristic of the polyimide sandwich

panel (mechanically attached over foam as an erosion barrier) is that it be

capable of withstanding the heating rates experienced during boosi of the

INT-21 configuration.

The basic assumptions made were: (i) external surface emissivity equal to

0.9 and absorbtivlty equal to 0.3; (2) aerodynamic heating rate multiplying

factors (MF) due to MDAC Space Station protuberances (Saturn V basic design

protuberance regions); and (3) radiation barrier conductivity equivalent to

air. Saturn V heating rates were assumed because INT-21 heating rates were

not available at the time the analysis was performed. The conductivity of the

honeycomb was assumed to be the same as the conductivity for air since there

was insufficient time for blow-down and outgasslng during the subject

flights.

The maximum surface temperatures obtained occurred in regions of the multiple

protuberances with a radiation barrier in the honeycomb. The temperatures of

the exterior and interior facing sheets were 675 F and 322 F, respectively.
Without the radiation harrier, the ext_rlor and interior temperatures were

634 F and 552 Fp respectively. The maximum surface temperature in the area of

the attachment points was 291 F. The upper limit of the polyimide is ]000 F;
thus it is clear that even though INT-21 heating rates will be somewhat

greater than the assumed Saturn V heating rates, the polyimlde barrier will

not exceed upper temperature limit during INT-21 boost.

f
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6.1.9.4 S_ructural Por£eraance ("' ¢I

The p_ima_T function of _hio ,_ouJ.ation ny_em in to provide th_al
protection; It lo not intended _a be a primary lead-carrying ntrueturo.
However, the luoulatton system _n required _o match the defleetion_ and
8tr¢lna of _he tank _nd also _ oubJected to ehermal and preoaure load_nl_.
Ao _ result, 6troo_eo and eeraim_ moy be introduced _nt:othe in_ulat_on ny_tom.

0£ pr_me _tructural importance are the £ol],owing:

a. Although the insulation system la o£ llghtweiBht cono_ructlou, _._ la not
bonded to the tank. Hence, =he ef£ects o£ the dynamic response of the
insulation system upon _tress levels must be co_sidered.

b. Proper orientation of the clots in the panels, as shown in
Figure 6.1.9.1-1, results £n relieving the stresses caused by differences
in thermal mxpansion and contraction rates and tank movements.

, 6.1.9.5 Materials and Processes

The HRP honeycomb-glass/polyimide erosion barrier was not produced in accord-
ance with any material or process specification requirements and, therefore,
no completely defined procedures or techniques were established.

_"_' _ 6.1.9,6 Manufacturing ][
|

No manufactutlng information is available.

6.1.9.7 Quality Assurance

This design did not reach production status during the course of the
Saturn S-If program. No quality control procedures were therefore established
for the total insulation system. Quality assurance provisions for the foam
portion of the composite are included in Paragraph 6.1.4.7.

6.1.9.8 Repair and Maintenance

No standard repairs or maintenance procedures were deve!oped.

, 6.1.9.9 Reliability

_: No failure mode effects nnalysis or other reliability information is
avai Iable.

6.i.9.10 Safety

Hazard analyses htAve not been conducted and insufficient operational
"' experience has been acctunulatzd on this insulation system to formulate safety
_" requiremen ts.
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_ 6.1.9.1! Design Effac_ven_s,-

a. Coo_: The manufacturing diroa_ !abor hour_ par nquaro fooc ara considered
to be an indication of _h_ installation eamp_o_l_y of _ho _nnu!a_ton n_
tom and are dnriwd from :tncernal Manufacturing department v_cordf_. The
houro _onoiot of fabr:l-cat&on, inntalla_lou, and annamhly effort and are an
%nd_cator of its relative coot. No data are available for _h£_ uyotcm,

b. Schedule: The ochedule flow _men for ul_to lnaul, ar$o. oytJtcm are noC
available.

_. Weight/ The total as-installed w¢,i._ht &8 0.43b lb/ft 2 broken down an
follows:

1. Foam 1.3O-inch thick (MBOi30-07?) - 0.231 lb/f_ 2

, 2. Honeycomb, 2.2 Ib/ft 3, 0,375-1nch thick - 0.007 Ib/ft 2

_ 3. Polyimide facing sheets, O.Ol2-1nch thick - 0.198 ib/ft 2 '

d. Thermal Performance: The Q of t,l_is_ystem is 80 Btu/hr/ft 2 The PK of
this system is 0.065 Btu/ib/hr-_F-ft _. "

6.I. i0 Multi-layer Insulatlon, Flow-through Purge

.... 6.1.10.1 Description

Insulation systems for long-term storage and reusable cryogenic systems for
orbital applications require the use of multi-layer insulation (}_LI) ¢o provide

_hermal insulation for minimum propellant boiloff losses. To attain the lowest

thermal transport across the InsulaEion, the layers of MLI should be in min-

imum contact with one another and surface interruptions or penetrations should

be kept to a minimum. In a vacuum, then, the major heat transfer mechanism

would be thetq_al radiation which is controlled by _he surface emlttance of the

layers of MLI.

The approach to producing an accepC_bl_ MLI system entails layer isolation

through the use of separators (nets, foams, bonded tufts) or through the dis-

tortion of the surfaces (crinkling or embossing) to minimize layer contact

area. An MLI developed under a Saturn S-ll advance technology study

(SD 71-263) consisted of singly aluminized Mylar sheets having a random

embossed pattern with 2 percent of the area perforated. The material was
trade-named NARSAM-2 (North American Rockwell singly aluminized Mylar). The

thermal conductivity of the MLI is affected significantly with change in

layer density (stack height of layers of the embossed film) and with change in

contact area between layers. These parameters are largely determined by the

embossment pattern (number and shape of peaks) which must therefore he closely
controlled.
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t,; _'

NAt_AM_2 wa_ Ino_l!odon a 105_i,_h_di_or _ryog_nl_ _n_ _ank which was
auppllod by and will b_ _oo_ed at M_FC. Th_ _9_Id_oign, in_ludi_B _ho oup_
pO_t_ng poo_o _nd me_h_a_, a_e nhown i_ Figure 6.!.I0.!_i. The _nn_%a_ion
system Includes an In_r,al and external procondiC_on_ng system far MLI
dty_n8 prto_ Co use. The proeond_t_on_n 8 or dry_n_ proeoot_ reduces on,gassing
and thus aide In early atcainmon_ of an offogctvo vaguu_ _n _ho HL_. _ho po_
fo_anee of the _ _o thcroforz Improvc_ in _ho early port,on of a m&oo_on.
_ho inner purS_ ay_¢cm _ono_ottn8 of an up,or and lower manifold w_h connect=
_n8 tubes is s:_own_. _lauroa.l.lO._.

The embossed _lumtnized Mylar has a service temperature with an upper limit
o_ 140 _. In applications where higher temperatures w_ll be encountered
(+300 F maximum) a 8oldtzed polyimtde (Kapton) may be used. However, the
_apton i8 _ore expensive, the emoossment proceso for the polyimide substrata
haa'not beendeveloped, and batch processing for gold metaZlizing is not yet
awll_ble.

6.1.10.2 Application

a. Utilization: An insulation system of this type can be utilized for
insulating any cryogenic storage system for use in spate. It is parties=
larly applicable where the system will be returned to earth for subsequen_
reuse. It can also be used to limit radiant heat transfer within a dewar

_ :. tank system.

b. Performance Charaeteristles: Tests have not yet been conducted on thla I
system| however, predicted thermal conductivity for the system using
NARSAM-2 material is shown in comparison with other MLl systems in
Figure 6.1.10.2-1 (SD 71-263). Predicted density-conductlvlt7 (pk) factor
is shown in Figure 6.1.10.2-2. The installed insulation system weight,

LH2 boiloff w_Ight, and total insulation system plus boiloff weight are
shown in Figures 6.1.I0.2-3, -4, end -5.

c. System Limitations: The principal limitations for a system of _his type
are related to the materials selected for the reflective shields. The

aluminized Mylar system is the lightest, simplest to produce, cheapest, and
has been used more than other types. It is limited to upper temperature
of 140 F, where pressure is experienced across the MLI. In addition,
aluminized Mylar is susceptible to corrosion from moisture intrusion;
however, thls can be eliminated by proper purge system design.

Kapton is heavier than Mylar and can be used where temperatures up to 300 F
may be experienced. The reflective surface can be aluminum but is generally
gold. Gold is selected because of its inert chemical properties.

d. Design Problems: Design problems and solutions are summarized in
Table 6.1°10.2-1.

6-144
SD 72-SA-0157-I

........................... ...... . . ....... ,,,., :_,_2._, .7 =-,_ 7_ ._L7

O0000004-TSB12



#_4 Space13_lvislonN_)rlh Am_l .:an Rnd<w_._ll

6-].45

SD 72-SA-0157-I

O0000004-TSB13



#i_ Space DivisionN_r_hAmericanR_ckw_ll



_,J_) Space DivisionNorthAmericanRockw_!ll

6x 10"4 -

2 x 10"s- , .......... , ......... , .... i
|5 30 60 100 300

LAYERDENSITY(IN "1)
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Table 6.1.10.2_1. _.,I Design Problem_ and Bolutlon_

Problem Solution
I,

1. Low evacuation rate during orbit Provide perforations in MLI of _uf_
insertion fieient sizo and number to permit

evacuation to required pressure in
required time; verify by Cost

2. Embossment pattern of insuffic- Determine opt::tmum l_yer density by
ient depth test; establish program with

material supplier to change vari-
ables such as allzing speed,

temperature, and pressure roll ten-
sion; produce sufficient depth to

allow for material memory

3. Embossment of Kapton not Polyimide material must be proc-

S_ permanent essed differently than Mylar because
of memory; insufficient development
conducted to date

4. MLI emittance higher than Work with material supplied to pro-

anticipated vide better aluminized surface after
='_: embossing; evaluate production

.... sequence to determine effect on
emittance of final product; emit-
tahoe measurement technique for
embossed material ls state of art

5. Fragile material tears when Use adhesive-.backed reinforcement

placed over plastic studs washers around hole
i i

e. Design Verification Tests: No tests have been conducted on the slmplified

!i, natural layup concept. Tests were conducted on the preceding forced

I density control configuration, however, with the following results:

1. Flat Plate Calorimeter: Effective thermal conductivity of

_=i 1.74 x I0-5 Btu/hr-ft-R was demonstrated for Th = 510 R and

Tc = 40 R.

2. 3-Foot by 4-Foot Calorimeter: Installed effective thermal conductivity
of 3.19 x 10-5 Btu/hr-ft-R for the same AT condition was demonstrated.

6.1.10.3 Thermal Performance

The thermal performance characteristics of this insulation system are given

fo_ a tank containing LH2 which is exposed to simulated ground-hold, launch,

orbit, and reentry environments. A detailed desc_iption of the design con-
. figuration, predicted performance, analysis methods, and subscale test

evalu_tlon are presented in the final report for Cryo Storage Thermal

6-151
SD 72-SA-0157-1

00000004-TSC05



i i: i•

_4_k_ Space DivisionNorthAmericanRockwell

Improvoment Study (SD 71_263). The predict_d themal performance character_ ,_ r
lstics are sumartzed below,i

i
_ A NASA/MSFC 105-1nch dlamet_r Lll2 tank has been insulated with NARSAM-2 for

testln8 at MSFC. The total insulation system includes internal and external
prooonditioning systems for _I drying prior to use, inner and outer membranes
to support MhI, and an external purge bag for environmental isolation.
NARSAM-2 MLI is singly aluminized Mylar with a random embossment pattern.
The configuration as instal%ed on the 105-_nch diameter tank is referred to
as a "natural-layup" concept. This concept takes advantage of the embossment
height and intrinsic material stiffness to maintain layer separation, and
negates the need for pins or separators to maintain layer density control.

_-_ The physical characteristics of the "installed" system are presented in
Table 6.i.i0.3-1.

Table 6.1.10.3-1. NARSAM-2 MLI System Ph',sicalCharacteristics

Characteris tic Value

NARSAM-2

Mylar substrate thickness 0.25 mil

: Aluminum thickness >250

Layer density (N) 60 layers/in. I_

" Aluminum surface emittance (_al) <0.045; inner ]/3
after embossment and perforation layers
as installed on tank <0.065; outer 2/3

layers

Percent area perforations 2

Density of MLI only (PMpI) 1.38 lb/ft3

Internal pressure <3 x 10-5 Torr

Natural Layup
(on 105-inch tank)

Number of layers on tank 90

Number of layers per module 5

Number of modules 18

Number of segments around 16
tank periphery

Thickness of MLI 1.5 in.

Number of 0.214-inch-diameter MLI 156

supports (12-MIL wall)

Density of MLI including outer 1.75 ib/ft3 I_
tension membrane weight
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i

4> e" •
Subgeale _es_8 were pozformed _o ascertain _he thews1 performance of

NARSAM-2 NLI. A value of KMLI = 3.38 x 10 -5 Btu/hr_ft-°F was measured.
Based on _he 8ubocale testing, correlation, and analysis, the predicted orbital
thermal perf_=-=.._n¢= of the MLI as in, tailed on the 105-1nch tank ia presented
in Table 6.1.i0.3-2. The inner 30 layers ("In-epeciflcatlon" material) have

an emittance _AL) of <0.045 at,d a corresponding thermal conduct:ivity (KMLI)
='_ mO II II *-

Of 3.38 x 10 - Btu/hr-ft F. The outer 60 layers ( out-of-specification
material) have _AL ,_0.065 and K_,I = 4.36 x I0"= Btu/hr-ft-°¥. The composlte
has an effective KML I = 3.91 x _0-5 Btu/hr-ft-°F. The predicted orbital heat

flux into LH 2 is approxlmately 0.2 Btu/hr-ft 2.

Table 6.1.10.3-2. Predicted Thermal Performance of

NARSAM-2 on 105-Inch Diamstec Tank

Area Value

Orbital Performance

___;!V MLI (including perforations) 3.91 x 10-5 Btu/hr-ft °F

Support Posts 0.80

Segment Joints 0.30

_ KML I 5.01 x 10-5 Btu/hr-ft °F

Thermocouple Leads O.05

Pressure Probe O.15

Overall Thermal Conductivity 5.21 x 10-5 Btu/hr-ft °F
for lOb-inch Tank Installation

Orbital Heat Flux 0.202 Btu/hr-ft 2

Ground-Hold Performance

MII (Helium Gas) 0.060 Btu/hr-ft o=

Heat Flux 140 Btu/hr-ft 2
_, i u i, , HH,= ,nlll i ,, In ' ""

During ground-hold, the effective KML I is the thermal conductivity of the
residual gas between MLI layers. Since a hellum-purge is recommended,

KML I = 0.060 Btu/hr-ft °F. The overall heat transfer rate for 500 FAT is
approximately 140 Btu/hr-ft 2. A flow-through purge does not alter the ground-

hold thermal performance as long as hot gas does not blo_ directly on the

tank wall. If hot gas is admitted next to the cold wall during ground hold,

the overall heat flux to LH 2 is increased to approximately iO00 Btu/hr-ft 2.

i

ir

t
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The uoe of Mylar or E_pton as the substrate for the aluminum does not alter

the effective KML I nor the overall heat flux to LH 2 through NAR_AM_2 HLI.
Rowever, Mylar melts at epproximately 200 F. which could present problemA

during boost or reentry of a space vehicle into a planetary atmosphere.

6.1.10.4 Structural Performance

Critical structural loading on this insulation system results from differential

pressuEe across the MLI and from "8" levels due to launch vehicle acceleration.

Significant factors affecting the strength of this insulation system are:

a. This insulation system utilizes organic materials which exhibit a visco-

elastic behavior. The structural behavior of organic materials is
discussed in Section 8.0.

b. Design of the MLI to support post attachments to prevent local bearing
or shear failure of the MLI at the attachments.

6.1.10.5 Material and Proce_,ses

a. Material: The _ilm is an embossed aluminized polyester (MB0135-034).

b. Processes: The processes for the fabrication of MLI are given in

"_ V7-953570. This document covers all phases of insulating a 105-inch
diameter tank. The document only covers the basic M&P requirements of ,._i
handling and environment. Any further production of this configuration

would _equlre a program for the development of the processes and the

writing of a specification.

6,1.10.6 Manufacturing

a. Description: MLl-flow-through purge on the lOS-inch tank consisted of aJ

i:I lattice-work of fiberglass strips surrounding the tank assembly and

attached to the tank wall by means of a pattern of honeycomb/foam hardspots.

An inner puree manifold of welded tubing was installed near the tank wall

surface to distribute helium gas. The exterior of the support frame

assembly is covered by an inner membrane fabricated of aluminim screen

wire; this provides a continuous porous surface to prevent the aluminized

Mylar insulation from sagging through the openings in the lattice frame-

work. The lattice framework provides attach points for fiberglass posts

which attach and support the insulation.

The MLI is a 1.5-inch-thick blanket of aluminized Mylar sheets of 0.25-
mil thickness. The individual sheets are made into flve-layer module

segments. Sixtee_ module segments are required for one full tank clr-

cumferencet and 18 layers of module segments are required to achleve the

required 1.5-inch thickness of total insulation.
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After the insulation i_ In_allod, an ou_r membrane made of plastlc
mesh i_ In_talled over _he _n_u!ntJon.

The insulation wa_l tested and flow rates of a_r w_,r,_ recorded.

The manu£acturlng flow and sequence diagram (F_gure h.].]0.(_=l) presents

the build plan,

_1!, b. Tooling and Equipment: Tooling conslst.ed of an assembly flxture for th_
purge cage assembly, hydro-form dies for sheet metaJ components, slush

. molds and plastic layup dies for _lass cloth laminate, and Mylar template,_

for fabrication of MLI module segments, iiardspot and sweep templates

were provided for locations and contours, respectively.

Equipment consists of a spray foam station, alr conditioning unit, bridge

crane, lighting and electrical outlets, work tables, adjustable work plat-

forms, holding fixture to hoist the 105-inch tank, and a transportation

dolly.

6.1.i0.7 Quality Assurance

The MLI described was developed on a study contract and did not reach true

production status. Extensive quality control p_ocedures were developed, how-

,,,_,,_,, ever, in the course of the study effort. Emphauis was placed on control of
..... the aluminized Mylar raw material because of the requirement that the material

.... be produced and malntained with minimal exposure to atmospheric moisture.

a. Raw Material Control (MB0135-034)

i. Supplier Surveillance: Formal source inspection was not invoked at

the supplier of the MLI raw material. However, a Quality Engineering

representative was present at the supplier's facility during the

vacuum drying and packaging operations specified in MB0135-034. It

was verified that each roll of MLI material was sub_ected to the

required vacuum drying operation and properly packaged and desiccated,

within 30 minutes, for shipment.

2. Supplier Material Certification: The supplier was required to submit

a Certificate of Conformance with each shipment of raw material

relative to:

Raw material composition

Mylar thickness

Stack height

Emissivl ty

Coating adhesion

Embossment pattern

Perforation pattern

Aluminized coating thickness

) The requirements and test procedures were established in HB0135-O34.
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3. Rocolvlng Inopoctlon: Fo_al rocolvlnR i_spaetion was walvcd fo_ th_
MLI Taw materlal. The matorlal wan procured an _ opnclal buy, E_onu_

_la1%y, thlo procedure a%1owod the matorlal to he shipped dlrea_%y to

the uelng department with no roc_Ivlng inspection, Thin procurement
policy wee oatabliohod bacauoo of the eomp%ax packaging techniqueo
employed in _aw material transit coupled with the environmental con _
trois established for the MLI. Implementation of thln procedure pro _
vided for the material eo be unpackagod in a controlled (temperature

and relative humidity) and monitored environment where samples wore
obtained for laboratory acceptance testing.

4. Material Validation and Storage: The material was stored in an area
with controlled temperature and humidity in conformance with the

requlrements of MB0135-034, The environmental conditions were moni-

tored by a hygrothermograph equipped wi=h _ seven-day r_adout chart.

Upon completion of each seven-day interval, Inspection dated and

stamped each chart, noting the lot numbers stored at that time.

Immediately upon receipt of the material, each carton was opened in

_' the presence of Inspection. The integrity of the sealed bags was veri-
fied and the MS20003 humidity indicator card was checked. Approxl-

_, merely five yards of each roll of material was removed and transferred

_ to the laboratory for validation testing. Tests included:

?",.... Overall quality and condition _:i
Stack height >

-_ Coating adhesion
Embossment pattern

Perforation pattern
Roll width

b. Subassembly Process Control:

i. Environmental Control: The 105-inch tank work station was environment-

ally controlled during the time the MLI was exposed to the work station
environment. Maximum relative humidity allowed was established as

60 percent. There was no maximum or minimum established for tempera-

ture; however, the temperature was continuously monitored.

2. Pre-Process Visual: Two cutting tables were installed in the work sta-

tion sufficiently large enough to support the largest MLI details. The
rolls of MLI material were mounted at the end of each table. As the

material was rolled onto the cutting table a lO0-percent visual inspec-

tion was conducted to verify the material to be free from irregularitles

associated with the perforation pattern, embosement, tears, taped seams,

wrinkles, and any other obvious visual discrepancies.

3. Verification of Metallzed Surface: Verification of the metallzed sur-

face was made by determining the conductive surface of the aluminized

Mylar film. This spot check was performed initially as the film was
unrolled onto the cutting cable. A final check was performed on each
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layer of film upon completion of the flve-layer MLI blanket module

immediately prior to installation on the test tank.

4. In-Process Visual: Flve layers of MLI (one module) were normally cu£

to a template at one time. Quality Control verified conformance to

template configuration in addition to verlfying that no individual

layers had become welded together as a result of the cutting operation.

5. H,3at Seal Verification: The basic MLI module was composed of five

separate layers of aluminized Mylar film. Several tabs were located

along the periphery of the assembly. These tabs were subsequently

heat sealed with a thermal impulse heat sealing machine. Prior to the
start of each work shift and any time the instrument heat settings

were adjusted, process verification tests were performed to verify the

integrity of the heat sealing equipment and process. Five test speci-

mens were prepared for process verification. The specimens were

inspected to the following criteria:

'_'_ • The heat sealed area must not exhibit evidence of receiving

uneven heat or pressure during the sealing process. The weld
must be continuous.

" • The weld must penetrate the entire Joint.

'_ • NO burn-through of shelds was allowed.
3

In addition to the above visual inspection, each specimen was tested

for strength by loading the test specimen: 90 grams for single layers

sealed together and one pound for five layers sealed together.

6. Final Visual Inspection: Visual inspection was conducted during instal-
latlon of the module assemblies on the test tank temporary flexible

posts. Care was exercised to assure the MLI material was not torn at

any of the post locations and that uneven loading did not occur at the
posts.

c. Quality Verification of Final Assembly: Final acceptance was based on a

checkout on the inner purge system after the MLI and outer tension membrane
! had been installed. The test verified that purge gas flow and distribution

i, was within the required limits.

i?i' 6.1.10.8 Repair and Maintenance
I

i:I_ No standard repair or maintenance procedures were developed.

t., , 6.1.10.9 Reliability

The multilayer insulations have not been subjected to any type of reliability

i ii analysis. No information is available.6-159
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6.1.10.10 Safety

The safety considerations listed were developed during and after the

fabrication of one MLI prototype (the 105-1nch tank). These considerations

must be considered preliminary until a detailed analysis of production proc-

esses and the utilization of production articles is completed,

a. Fabrication a_d Installation: When installing MLI blankets over the

supporting posts care must be exercJsed to insure that the individual

layers of the film are no= torn. An enlarged hole around the post would

provide purge gas leak paths and degraded insulation efficiency.

Particular attention must be given to keeping the MLI clean and free of

i contamination during fabrication and ins_allatlon. Clean gloves must be
E_ worn by personnel and area cleanliness must be maintained.

Additional safety requirements are given in Paragraph 6.1.1.10.

b. MLI Use: The functional testing of MLI systems will include a proof-

i_ " pressure test of 125 percent of the maximum operating pressure.

The applied MLI is relatively fragile and damage is easily incurred after

the installation is complete. Care should be exercised in the use of MLI

to insure that no damage to the insulation surface is sustained.

The purge gas should be verified to be free of contamination prior to use.

When used to insulate hydrogen tanks 2 percent oxygen in the purge gas

could combine with leaking hydrogen to form explosive mixtures. Contami-

nation of any gas with the purge would condense on tank surfaces and

solidify and block purge passages or provide a pressurizing source that
could separate the insulation from the tank when the solidified gases

warmed up and vaporized.

The purge gas should be Introduced into the cavities in quantities suffi-

¢lent to insure that negative pressure does not develop in the MLI. When

the sidewall is exposed to cryogenic temperatures the purge gas will con-

tract. A positive pressure within the honeycomb insulation is necessary

to insure that minute cracks or openings that are otherwise acceptable will

not allow condensable gases to be forced into the purge channels by atmos-

pheric pressure.

After each cryogenic exposure the exterior surface of the honeycomb insu-
lation should be inspected for damage. Any damage should be repaired and

tested prior to another cryogenic exposure.

Pressure-rellevlng devicus should be provided to insure that the purge gas

pressure does not exceed thedeslgn allowable.
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6.1.I0. ii Doslgn Effae_ivan_ss

a. Co_: The manufacturing direct labor hours p_r square foot ar_ _onr_ldnr_d
to be an indlea_lon of the installation complnxi_y of _he Insulu_ion n_,f_

gem and are derived from internal Manufacturing department r_eord,. The,
followln 8 hours consls_ of fabr_catlon, In_a]la_lon, and assembly _:_fFor_
and are an indicator of relative coat: 16 houro per squar/_ foot.

b. Schedule: The schedule flow tlme_ for _hls Insular/on system _r_:

Procurement - 14 weeks.

Subassembly - 6 weeks.

Installation - 5 weeks.

Checkout - 5 weeks.

J_,' c. Weight: The total as-installed weight is 0.215 Ib/ft 2 broken down as

. follows:

i. Multi-layer insulation, 90 layers (MB0135-034) - 0.167 ib/ft 2

" 2. Aluminum support screen - 0.032 ib/ft 2

3. Tension membrane - 0.016 ib/ft 2

d. Thermal Performance: The Q of this system is 0.i0 Btu/hr/ft 2. The PK of

this system is 8.78 X 10-5 Btu/ib/hr-OF-ft 4.

6.1.11 Multi-Layer Insulation, Flow-By Purge

6.1.11.1 Description

An MLI system with a flow-by purge was proposed for use on the Chemical

InCerorbital Shuttle (CIS) to provide thermal protection for cryogens in a

space environment (SD 72-SA0042-2, Drawing V7-953596). The MLI Is a spacer-

less system similar in description and performance to the MLI system described

in Paragraph 6.1.10.1.

The basic insulation concept consists of a purge gap, _I support screen, HLI,

and a purge bag as shown in Figure 6.1.11.1-1. The MLI is spaced away from

the tank wall to form a purge annulus. A sealed bag is provided on the outside
of the MLI to enclose the MLI within a purged environment. Pre-condltionlng

and drying of the MLI is accomplished by flowing purge gas through the annulus

past the inner MLI surface. It should be noted that an adequate venting system

also must he provided to optimize the thermal performance of the 5_I in space.

SD 72-SA-0157-I
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_i 6.1.11.2 Appl_ca_an

a. Ut_l_a_lon: Thi_ _t _y_am was st_l_c_M fo_ the {:.IS _udy b_cauf=,, It
provSdod m_nimum w_Igh_ wlth tLatlafac_ory vh_rma,[ p_:rf.rmam_c. 'rhl_ t_yt_

, tom can be utilized for any vehlcl_ application. _ £a particularly
applicable _o large veMeh_s that are subject to aerodynamic load|nR dur=

;-,:! tag launch and _o vohlcloo that are normally trannpartod |n_!do um,th.r

b. Perfomnance Charactar_stics: Thermal perfor_mce o£ thifl syst:em Ifl th_
same as for the previous system. Analysis of the flow-by purge symptom

indicates that maximum concentration of water vapor can be reduced to less
than 30 percent of original concentration in approximately four hours of
purge t_me and to less than 10 percent after seven yours.

c. System Limitations: This system was designed to meet the ClS study per-

formanca and operatlona] models. It can be utillzed for any app[icatlon
requiring MLI.

d. Design Problems: This system has not been applied to a vehicle. Problems

are _he same as described in the previous section.

e. Design Verification Tests: No tests have been conducted on the flow-by
concept, Tests related to removal of moisture from aluminized Mylar are

- reported in SD 71-263.

6.1,I1.3 Thermal Performance

The thermal performance characteristics of this insulation system are given

for a tank containing LH2 which is exposed to simulated ground-hold, launch,

orbit_ and reentry environments. These characteristics for an _I wi_h a
flow-by purge are approxlmately equal to those given previous]y for the 5_[

with flow-through purge.

An effective _hermaÂ conductivity (KMLI) of 5,21 x 10-5 Btu/hr-ft-°F was pre-

dicted for orbital performance. The predicted orbital heat flux is 0.20 Btu/

hr-ft 2. The effective K_I = 0.060 Btu/hr-ft-OF during _round hold. The
predicted overall heat flux will be 140 to 240 Btu/hr-ft z depending on flow

velocity through purge channel during ground-hold operation.

6.1.11.4 Structural Performance

Significant factors affecting the structural integrity of this insulation sys-

tem are identical to those glven in Paragraph 6.1.10,4 for the flow-through

purge insulation system.

6.1.11,5 Material and Processes

The MLI system was proposed for use on CIS to provide thermal protection for
cryogenics in a space environment. No material and processes |nformatlon w_s

developed.
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6.1.11.6 Manufae_urlng l

No manufacturing gnformatlon ha availab$_ on thta ayntem,

6.Z.Zl.7 qualSgy Aoourance

This dosi8_ did no_ reach production otatu8 during _he couroe of the Saturn
8-II program. No qual£ty control proe_dure_ wore _haroforo oo_ablLshod for
gho total thouÂsCion ayotem. Quality aeourance provi_Jono for the HLI portion
of the deaiSn are included in Paragraph 6.1.10.7.

6.1.1]..8 Repair and Maintenance

No repair or maintenance procedures were developed.

6.1.11.9 Reliability

This insulation has not been subjected to any type of reliability analysis.
j No information is available.

6.1.11.10 Safety

This insulation system has not been fully developed. No detailed hazard
analysis has been conducted and no overall _afety recommendations can be made.
MLI has been analyzed and some experience gained in fabricatlon, installation, _
and utilization. As a result safety recommendations can be ob_;ainedfrom i'
Paragraph 6.1.i0.I0. It is not expected that a different combination of com-
ponents will materially alter the recommendations originally made on a single
component but overall evaluations cannot be made before an analysis.

6.1.II.ii Design Effectiveness

a. Cost' The manufacturing direct labor hours per square foot are considered!
__ to be an indication of the installation complexity of the insulation sys-
I tem and age derived from internal Manufacturing department records. These

hours consist of fabrication, installation_ and assembly effort and are an
indicator of relative cost. No data are available on these costs.

b. Schedule: The schedule flow times for this insulation system are:

Procurement - 14 weeks.

Subassembly - 6 weeks.

Installation - 5 weeks.

Checkout - 5 weeks.

(
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it e. Waight: Tha fatal aa-lna_allad wnlghL In 0.215 lh/fL 2 broken down af_
fallown:

,, = 0.olo
:!

_ I. 2 ML1, 90 layer8 (MB0135_034) _ 0.167 lb/ft _

3, Support screen = 0.032 ib/ft 2

6.1.12 Me_eorold Protectlon System

6.1.12.1 Doserlption

This system was proposed as a meteoroid/eroslon barrier over the MLI on the

Chemical Interorbltal Shuttle (SD 72-SA0042-2). This system Is similar In

performance and design to that of the erosion barrier described in

Paragraph 6.1.9.1. The barrier serves to protect the MLI from the:mal and

pressure loads during boost and, together with the MLI, protects the propel-

_.!!_ lant tank from micrometeorold impact while in orbit.

The 6arrler concept consists of individually supported panels of s_ndwich con°

struction as shown in Figure 6.1.12.1-1. A polyimide panel design is sho_%;

however, a titanium panel design also was proposed.

a. Polyimlde Panel: Polyimlde faqing sheets are bonded to HRP honeycomb core
to form a rigid sandwich structu:e (V7-953595 and V7-953596). Gaps are

provided between adjacent panels and slots or oversize holes are provided

at attach points to accommodate axial and circumferential tank movement

and expansion and contraction of the panels. Closeout strips

(Figure 6.1.12.1-2), are provided at panel Joints to cover gaps.

Figure 6.1.12.1-3 shows a panel support post concept.

b. Titanium Panels: Titanium facing sheets are dlffuslon-bonded to titanium

honeycomb core to form a rigid sandwich structure. The attachment and
closeout concept would be similar to that shown for the polylmide panel

design.

6.1.12.2 Application

a. Utilization: Meteoroid protection must be provided for critical structural
components on all vehicles in space. This Is particularly true for cryo-

,_ genlc tanks which can suffer immediate catastrophic damage or be subject to
subsequent failure from induced meteoroid damage. Protection is also

requlr_d for external insulation systems since a strike may impair thermal

performance.

The extent to which each vehicle must be protected depends on its mission

trajectory with respect to galactic location. Reference 19 presents these
criteria. References 51 and 52 present interestlng study results.
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The d@slgn shown in Flgur_ fi.%.12.1_1 was proposed for a largo _aturn-
_la_o vohlcle utlllzlng an MLI ny_om for th_ LB2 tank. The eronlon
barrier a%so funct_ono ao a dua% bumper m_ooroid barrier.

b. Performance Charaetoris_ieoz Thio deolgn has not beau fabriaated an there

ar_ no data on per£ormane_.

c. System Limitations: This design was proposed for a CI8 stage. Materials
' (titanium or polyimide) and attachment d_mensions are selected based on
!i £1uttor analysis in launch. It is limited to the condltlona and environ-

ment of that mission, including induced aeroheat and pressure during
_ launch and the trajectory and meteoroid exposure periods in cislunar

_ space. Shielding criteria are listed in Tables 6.1.12.2-1 and 6.1.12.2-2.:t

_ d. Design Problems: The feasibility of this design was demonstrated in the
_ development program described in Paragraph 6.1.9.

e. Verification Tests: The analytical techniques discussed were developed on

the basis of a test program conducted by NR and described in Reference 49.

Twenty-£1ve percent penetration of the tank wall was assumed acceptable.
This has been used in prior studies and verified by experience on Apollo

service module where impact tests on pressurized LH2 tank sections con-

firmed that greater damage was required to cause failure.

6.1.12.3 Thermal Performance

The thermal performance characteristics of the aeroshear/meteorold barrier over

MLI insulation composites were worked out for a series of different insulation

systems for a CIS configuration are given in SD 71-245-4. A sample result of '

the analysis is shown in Figure 6.1.12.3-1 for the boost phase. It is partic-

ularly important to note the expected temperature of the meteoroid and erosion

barrier, the MLI, and the fiberglass felt. If the MLI (Mylar) gets above about

200 F, it will melt and for this reason a gap is required outside the MLI. The
reason for this is shown in Figure 6.1.12.3-2. The analysls of the exterior

erosion barrier which is the item of primary concern for this section is shown

as Zones 1 and 2.

6.1.12.4 Structural Performance

Significant factors affecting the strength of this insulation system are

identical to those given in Paragraphs 6.1.9.4 and 6.1.10.4.

6.1.12.5 Material and Processes

The meteoroid and erosion barrier over MLI was not produced in accordance with

any material or process specification requlremeuts and, therefore, no proce-
dures or techniques were established.

6.1.12.6 Manufacturing ,_

No manufacturing information is available for this system.
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v Table 6.1.12.2-1. Meteoroid Shleld_ng Crlt_rla
L ............................................

Parameter Value

Me=ooroid DaCa

Enviromnent from NASA TMX- 5,3957

Density 0.5 gm/cc

, Velocity 20 km/sfc

Comet Average
yearly flux

Design

_=il Probability of no tank failure 0.995
;I

Allowable tank wall penetration 25%

Aft end of CIS shielded by engine module

"_ Drop tank always shielded by propulsion vehicle -

Mission Time

'_ ClS - separated

_:::=_ At 270 n mi earth orbit 60 days

_: At 180 n mi earth orbit 455 days

At 60 n mi moon orbit 178 days

CIS - mated

At 180 n mi earth orbit 616 days

Drop tank - mated

At 180 n mi earth orbit i00 daysL

Table 6.1.12.2-2. Shield Factors

. .....

CIS Drop
............................. Tank

Element Separated Mated Mated
i i ,,

Vulnerable area (ft2) 3832 3832 3832 3020 6308

Time of exposure (days) 60 455 178 616 iO0

Orbit/planet ratios 270/3444 180/3444 60/938 180/3444 180/3444

I Shield factor 0.90 0.85 0,872 0.85 0.85
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6.1.12.7 Quality Assurance

This deeign did not reach production status during Che course of the _acurn
8-II program. No quality control procedures were therefore established for the
¢oLal insulation system. Quality assurance provisions for th_ MLI portion of
the design are tncluded in Paragraph 6.1.10.7.

6.1.12.8 Repairs and Maintenance

No standard zepair or maintenance procedures were developed.

6.1.12.9 Reliability

No failure mode effects analysis or other rellabillty information is available.

6.1.12.10 Safety

This insulation system has not been fully developed. No detailed hazard

...._ analysis has been conducted and no overall safety recommendations can be made.

Some of the components of this system such as HRP honeycomb and MLI have been
analyzed and experience gained in fabrication, installation, and utilization.

As a result safety recommendations can be obtained from the other insulation

,,_ systems that utilize these components. It is not expected that a different
combination of components will materially alter the recommendations originally _"
made on a single component but overall evaluations cannot be made without the
analysis.

6.1.12.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are considered

tO be an indication of the installation complexity of the insulatlon sys-

tem and are derived from internal Manufacturing department records. These
hours consist of fabrication, installation, and assembly effort and are an
indicator of relative cost. No data are available on these costs.

b. Schedule: The schedule flow times for this insulatlo_ _ystem are not
available.

c. Weight: The total as-installed weights are:

i. Titanium honeycomb panel and face sheets - 0.557 Ib/ft 2
2. MLIj 90 layers (MB0135-034) - 0.167 ib/ft2

3. Support screen - 0.032 Ib/ft 2

Total - 0.756 ib/ft 2

i. Polyimide face sheet, HRP honeycomb core - 0.470 ib/ft 2

2. MLZ, 90 layers (MB0135-034) - 0.167 ib/ft 2

3. Support scrern - 0.032 ib/ft 2

Total -- 0.669 ib/ft 2

d. Thermal Performance: The Q of this system41s 0.I Btu/hr/ft 2. The PK of
this system is 29.0 x 10-5 Btu/ib/hr-°F-ft (titanium) and 21.3 x 10-5 Btu/

ib/hr-°F-ft 4 (polylmide).
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i' 6.2 CRYOGENIC TRANSFER

6.2.1 Vacuum Jacket

6.2.1.1 Description

The vacuum jacket insulation system is used on the cryogenic propellant
transfer and vent lines of the Saturn S-ll stages (MC271-0011). A low-loss

transfer of cryogenic fluids is attained because an annular evacuated space
minimizes two components of heat transfer -solid conduction and gaseous con-

vection. Heat is transferred across the vacuum insulation by the mechanisms

of radiation across the evacuated space and gaseous conduction through the

residual gas in the evacuated space. Additional heat is transferred at

components such as spacers and end flanges.

The vacuum-insulated line concept consists of an inner and an outer shell,
with the space between sealed and evacuated. The configuration shown in

Figure 6.2.1.1-1 is a welded assembly consisting basically of an inner and an

. /= outer tube, bellows, spacers, supports, and end flanges. A vacuum service

valve is provided to effect evacuation of the space between the inner and the

outer tube. A thermocouple gauge effects periodic vacuum checks. The bellows
accommodate thermal contractions and structural deflections. Spacers main-

tain the space between the inner and the outer line. Simple low-performance

bolted flange connections are used at llne Joints.

...._:.. 6.2.1.2 Application

a. Utilization: Vacuum-jacketed lines are used primarily in cryogenic

applications where low heat transfer to the cryogenic fluid is required.

This type of transfer llne is applicable to launch vehicles such as the

i S-II, to space orbiting vehicles, and to ground storage transfer systems.

i b, Performance Characteristics: The insulating ability of vacuum-jacketed

transfer lines is achieved by reducing the solid conduction and convection

heat transfer mechanisms through evacuation of the gases from the jacket

area. Good therm@l performance requires an annular vacuum below 1.33 x
10-2 newton/meter _ (10-4 Tort).

Vacuum-jacketed LH2 and LOX fluid transfer lines have been successfully
used on all S-II'_ flown. The quality of the propellants has been

maintained within the engine start box requirements.

c. System Limitations: This system was designed and developed to meet the

NPSI{ requirements of the feed pumps, The engine start requirements limit

the LH2 engine temperature to -420.5 F. Line vacuum is limited to 200_
Hg or below, with a maximum allowable leakage rate of 5_ Jig per day.

The LOX pump discharge temperature is limited to i00_ Hg or below, with

a maximum vacuum leakage of 5_ Hg per day.

d. Design Problems: Unintentional loss of vacuum or latent defects that may" cause insulation loss are primary design concerns. During the S-If program,
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Jacketad du_ts axpari_nead vacuum loam duo to the fol],ow!,lg: annutun
contamination, presmlra earr!t_r implosion, faulty _harmo_ouplo lns_a]l.a_
flea, _hermocouple failures, rupture disc assembly, welds, parent me,tel,

and eva_uatlon valve_. 'lYh_soare di_eua_ed In tlm followlng pora_r_phs.
In all eaves, thm problems war_ resolved.

Annul, us Contamination

Proble======mm:Vacuum loss can occur as _he result of the entry of cer_aln

substances into the annulus. After entry, matorla] _hat has previously

ab¢_orbed objectionable gases will readily outgas in a vacuum mid cause
decay that may be iromedlaCe or continue for some time. Con_amlna_Ion Js

typically caused by incompatible grease, where "vacuum" grease was

required, entry of ell in the annulus because of improper vacuum pump

operation, and inadvertent opening of the evacuation valve or rupture
disc. Supplier problems stemmed mainly from nonmetallic Jacket standoffs

that entrapped cleaning fluids, causing excessive pump-down periods or

_ rapid vacuum decay.

Resolution: The standoffs in the jacketed LH 2 reclrculatlon ducts were
redesigned to allow free passage of all cleaning media during assembly

• and also to provide a direct evacuation path. The vacuum pump was

redesigned. The pump-down times were also extended to provide for maximum

....... outgasslng in minimum time, and the evacuation procedure was revised by

|• adding a carbon dioxide purge to ensure that all residuals would be con-
denslble at cryogenic temperatures.

Pressure Carrier Impl0sion

Problem: During an operational check of the LH2 feed duct, the vacuum-
Jacket annulus was inadvertently overpressurlzed (20 psi), which collapsed

the pressure carrier. Subsequently, the duet was pressurized to 30 psi

during a system test, which "ballooned" the collapsed duct and caused i

fold in the duct wall to form, tear, and allow pressure to enter the

annulus and force the rupture d_.sc to burst.

Resolution: Specifications were revised to preclude accident or over-

pressure. A safety relief valve (I psi) was added to the evacuation

equipment to prevent annulus overpressurization during leak-check cycles.
The duct wall thickness was increased.

Faulty Thermocouple Installation

Problem: Any instrumentation attached to a vacuum Jacket through a

threaded connection requires absolute sealing to preclude loss of vacuum.
Threaded sections, both male and female, must be protected at all times

before assembly and appropriate sealing material such as Mylar tape must

be applied to the male thread before assembly.
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Thermnnr.,ip].e Failures

Problem; Two -_-Il,,_Or prohl_ms are sepa_atlon of the gauHe tube from _he
mo.ntlnS bans and bracka_r_ of the f_.lamont wire J.notlon weld, Breakage

will cause sudden vacuum loss and, under cortaln conditions, could _Ino
cause implosion or bursting of the rupture dlse°

Resolution: The _hermocouplo gauge tube, originally made of brass mate =

r_al, wa_ changed to ORES 321, resolving the breakage problem, The
filament wi_e weldln8 process was revised, as was _he flJt_men£ pa_tern to

_: make it symmetrlcal (t_ has been asymmetrical)

!

it Proble.__m: The rupture disc assemblies in S-ZI ducts use two types of

discs; one is an O.O08-ineh-thlck disc with a single coined diagonal slot,coined to a thickness of 0.0013 inch, and the other is a domed spherical
ii segment 0.002 inch thick, Both types were made of CRES 321, and both

..... ,, suffered from random corrosion.

Resolution: The primary factor in resolving the corrosion problem was
to change the material to INCO 600.

,,?_ Wel._._d

Problem: Vacuum leakage through welds can be caused by cracks or porosity __'

in the weld or in the adjacent tubing, bellows, or interface component.

Cracks can occur if the weld is allowed to cool too slowly, the mating

parts of the butt Joint are mlsallgned, or the trim is not centered in
the nugget.

Another weld leakage problem of major concern is related to the longitu-

dinal butt weld of a bellows ply in a multiply assembly. Each ply is
separately formed into its slzed-tube configuration, and two, three, or

four separate, contoured segments, each in turn butt-welded to the other,

form a tube (i.e,, the ply). The concern in this application was that

during the forming of the bellows rather large mlcrocracks were being

generated in the butt welds at the crest of the convolution.

Resolution: Nondestructive test methods were established to ensure an

accurate nugget location. Improved chill rings were incorporated into

the production weld techniques, as were tools to properly size and locate

adjacent parts during welding.

The bellows' longitudinal butt-weld cracking was resolved by revising

fabrication sequencing to eliminate the crack initiator step, and the

number of welds was reduced to one per ply by cutting the stock material

so that the longitudinal axis was normal to the roll direction.
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_] Parent Metal

Problem: Vaeuttm io_ through a paron_ m_ta] leak path io re],at_d to

_-_'an,l j_eke_ potlotrat_ot_o _hat are maeh_Lm;d from bar t_tock or forgln_;t_
! whore thlh sections lh, appro_imato!y normal to el,, graln direction or
: roll dire l_£on. If tl|ls i11i|_erl,ql had inc]u_l:lmm I:ll_;tlo may open !tp aft_,r

--ot

, o,xpo_}uro _o heat rottult:lng frolll We[tiring or oth_r operal:iom_.
/

-:ii
I! Resolution: The soJu_ton to _his condition :Is to use _l mat:trial _lta_ wi]l

i! not allow full stringers to font_. Specific rt_palr i_ro,'mluro_ wore :lpp]:h,d
ii by welding closed l;he t_ak path.

Offset and Peaking - Thin Wall 'rub!n_goBut:t!Weht_ '

Problem: A crack failure of a circumferential weld in a th_Ln-walled vent

llne rtsulced partially from a peaklng-offset discontinuity in the butt

weld. Stress analysis procedures es_abllshed that such discontinuity
would 9reduce stress concentrations at these points that could significantly

:-,_ shorten fatigue life.

Resolution: A unique inspection tool was devised by NR to Inspect the

butt welding of these pressure carriers.

Flow-Induced Vibration

I Problem: Bellows flow-induced vibration is a basic consideration in

assessing the expected llfe of a pressure-carrylng duet, vacuum-Jacketed
or otherwise.

Resolution: The Lax tank fill and drain line bellows problem was solved

by changing from one-ply to three-ply bellows, and all bellows were lined.

Subsequent analysis (post-AS-502 ASI failure) showed that _he liners were
not necessary. At that time_ redundancy was thought necessary because a

thorough understanding of the phenomena was not known. In either case,

a flow test was required to verify the fix and obtain pressure-loss data.

The subsequent acoustic resonance failure of the S-II-9 flex hose resulted

in another analytical and test program. A key finding relative to
resonance inducement was that the cause of the acoustic mode was the

purge medium, not the end-use medium.

e. Design Verification Tests: A series of tests was conducted to verify the
structural and thermal adequacy of the feedllne (LH2 and Lax) designs.
These tests are described in MC271-0010 and MC271-0011).

6.2.1.3 Thermal Performance

The thermal performance characteristic for vacuum-jacketed cryogenic transfer
lines is the heat transfer rate from the hot e_ternal environment to the

cryogen flowing inside the line. Heat is transferred from the environment to

,!:, the hot outer Jacket by radiation and by
convection; across the annular space

by radiation from the hot outer jacket to the cold inner line, by gaseous
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conduction through the ronidua! gan wtthln the ann,dar apace, and by _altd
conduction through flpaeers and lnat_umentatlan bonnon; and from the Inner
line to tile cryogen by convectlan. Thln rate of heat tr_,naft_r l_ needed Co
evaluate liquid temperaturen no na to ennure that engine performance ;rod
ground-hold propellant condltton_ng requirements can be met.

The design thermal performanea of the vacuum=Jacketed LB2 and LOX feed and
reeireulatton lines for the g=ll vehicles was egtabliohed by _he Model.
Specification (SlD 61-361), The opecifted maximum allowable hea_ transfer
rate was 30 Btu/hr=ft 2 for the LIt2 lines aml 45 Btu/hr-ft 2 for _he LOX ltmm.
These values include the heat %oak through the spacers and £natrumentation
bosses, but exclude heat leak to the cryogen through end flanges, valves, and
appurtenances. These bosses were separately analyzed. To achieve the design
heat transfer rate for the LH2 lines, the surfaces surrounding the annular
space (both sides of the vacuum area) should be a polished, low-emittance
metal coating such as gold or aluminum. For the LOX lines, standard piping
materials may be used to meet the specified allowable rate.

: The actual thermal performance of the vacuum portion of the S-II vacuum-
Jacketed lines was degraded or excessive compared with the design ideal. This
degradation was due primarily to heat leak through residual, noncondensible
gases in the annulus. To meet the overall or combined requirement, the heat
leak through flanges, valves, and appurtenances was reduced to tolerable

.... levels by foam insulating these components. The thermal design details are
discussed in Paragraph 7.3.2.1. The thermal degradation due to gaseous
conduction was reduced by implementing elaborate back-fill and evacuation
procedures.

6.2.1.4 Structural Performance

The complete assembly - propellant carrier (inner shell) and Jacket (outer
shell) - must continue to function while subjected to pressure leads,
vibrational loads, differential temperature, and motion of one interface

i relative to another The propellant carrier is the primary load-carrylng

_, structure while the vacuum Jacket is subjected to the collapsing pressure
-_ resulting from evacuation of the inner space. Strain compatibility between

I the inner and outer shells is maintained by bellows in the outer shell, as

shown in FIzure 6.2.1.i-I.

= To resist adequately buckling due to collapsing pressure, a corrugated outer
Jacket was chosen for the S-ll design. For the elbow design, a corrugated
structure with longitudinal stiffeners was selected to prevent excessive
translatlonal motion while maintaining adequate resistance to buckling, A
corrugated elbow without longitudinal stiffeners tends to stralghten
excessively when subjected to external pressure.

6.2.1.5 Materials and Processes

All vac ',mJacket lines of the S-If were fabricated by subcontractors to NR
procurement speclficatlons. The construction materials depended on thermal _i

1
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and ntruetura! ioadn. Howevor, In g_marnl, au_ton:Itlc t_rad_ _talnle_

nteeln and nickel han_ alloyn w_r, unnd. Typicn] mnt_rlnlt_ nre a_ fo]]ow_:

Suitor ,]aekot and Prt_fiflureCart:let 32] (IRES, I04 (IREH_ INCO 718

: Be]Jews :]2] (IRES, !NCO 71fl

Rupture D%nen IN(:O 600

Gimbal Jolnta and Plnn Ao,286

Bo_es and Flange_ 304 CREW, 321 CREH

Manufactur±ngprocessingalso varied by the subcontractm°. llowevtn_,aiJ

lln=s were of a to_ally welded construetlon, wlth the outer Jacket and pres-

sure carrier being roll=formed sheet stock with a longltudlnal butt weld.
In the ease of small=dlametar llne_, seamless tubing was used. Glmbal Joints,

flanges, and bellows were joined ¢o the basic line by butt welds or unique

welded Joints dictated by double-wall bellows design. All welds were i00 per-

cent X-ray and fluorescent penetrant _nspected, Wherever possible, weld

planlshing was performed to improve mechanical properties _nd fatigue llfe.

6.2.1.6 Manufacturing

The manufacturing breakdown is not available because the I,H2 vacuum-jacketed
lines were manufactured by a company specializing in this product.

6.2.1.7 Quality Assurance

All vacuum-Jacketed lines (Figure 6.2.1.1-1) used on S-II were supplied by
subcontractors to NR. Procurement specifications established the engineering

and quality assurance requirements for each line assembly. MC271-0010 for

liquid oxygen feedlines was typical of these specifications. Prior to
fabrication of production llne assemblies, the supplier was required to

demonstrate the capability of his tooling, equipment, and personnel by pro-

ducing prototype assemblies which were subjected to qualification and

reliability testing. Extensive testing was conducted to verify the functional

and operational characteristics of the line assemblies. Following successful

supplier qualification, the quality of each production llne assembly was
verified as noted.

a. In-Process Source Inspection: A resident source inspector was present in

the supplier facility during all production operations.

I. Raw Material Certification: Certification data for all metallic

mat_rlals were reviewed for specification compliance.

2. Equipment Calibration and Certification: it was verified all appll-

cable equipment was within current calibration and that all production

equipment was as employed during the qualification phase of production.i
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3. Operator Certification: Only anrtlftad teehnlalans wore employed _o

p_rform erlt_cal production oparatlonn nueh an welding and machining.

4. D_menntonal Innpoetion: Major dimennlonal chockpo_ntn wore
ootabJ+:l+_hed for all production oparation_.

5. Radiographic In_poction: Where a ccofl_lhlo, all wolds w,_r_ _ad_o_
graphically inopoctcd. WehI_ in the outer vacuum Jacket whiah w_ro
Impossible to inopect radiographteal_y wore vt,_ually _nnpoe_od with
a towopowor 8cope and helium 1celt=chocked by ma_n _pectromcter.

b. Finial Product Acceptance Tomes: Prior eo delivery attd as a condition of
acceptance, the supplier subjected each production unit eo the £ollowing
acceptance te_ts:

i. Visual Inspection: Each assembly was inspected to verify compliance

with the procurement specification with respect to material, dimen-
sions, welghte construction, Identlflcation, marking, and quality of

" ,, workmanship.

2. Proof Pressure Test: The assembly was pressurized to 140 psig with

gaseous nitrogen and held for three minutes.

o; 3. Operational Test: The assembly was mounted in a test fixture and

stressed to verify the_ability to undergo the structural movement_ _,
required by specification.

4. Vacuum Jacket Pressure Test: The vacuum chamber was stabilized at a

pressure of 10 + 5 microns at 68 ± 5 F. It was verified that the

maximum pressure rise (vacuum decay) did not exceed 150 microns in

30 days.

5. Pressure Carrier Leakage Test: While evacuated to i0 microns in the

vacuum Jacket, the internal line pressure was raised to 88 psig with

helium. External line temperature was then varied from ±160 F to

-300 F while monitoring vacuum Jacket pressare. It was verified the

vacuum returned to i0 ± 5 microns at room temperature, following the

_emperature excursion.

5. Cleanliness: The llne assembly was verified to meet the LOX service

cleanliness level established by NASA Specification MSFC-SPEC-164.

6.2.1.8 Maintenance and Repair

As noted in Paragraph 6.2.1.1, a major drawback of this insulation concept is

sensitivity to damage. Extreme care must be exercised to prevent damage to

vacuum-Jacketed lines during transportation, installation, and storage. Of

particular importance is the care of bellows - because of their thin wall

construction, minor dents can result in a vacuum loss. Protective covers are

mandatory during all inoperative periods. Little In-place repair can be
performed on vacuum-Jacketed lines. With the exception of rework for mlnoc !>
corrosion, all repairs are made by removal and replacement.

I
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6.2.1.9 Reliability

One failure mode, vacuum loss, is identified; however, this mode will result

from several causes, such as line structural failure, evacuation valve leak-

age, or leakage at any subcomponent of the line assembly. FMEA results are
presented in Table 6.2.1.9-1.

Table 6.2. I.9-1. FMEA -- Vacuum Jacket Insulation

Subsystem or Mission Effects

Component Failure Mode Remarks

Feed and Loss of Vacuum Loss of recirculation

System capability, resulting in
Recirculation loss of engine to start

or perform properly.
Poss4ble mission loss.

6.2.1.10 Safety

a. Fabrication and Installation: During the fabrication of vacuum-jacketed

i_,_:: lines, the metalworking processes involved should be guided by the

_ applicable sections of Industrial Safety Standards.

Particular care should be exercised in maintaining the cleanliness of

components of vacuum-jacketed lines. When any form of contamination is
;- introduced into the vacuum annulus, it is difficult or impossible to

remov e.

Before assembly of the inner and outer Jackets of these lines, they should .

be separately tested, inspected, and verified as acceptable.

Parts and assemblies of vacuum-jacketed lines should be shipped or moved

in individually designed containers.

During the installation of these lines, the expansion bellows should be

protected from damage by guards.

• b. Insulation S,_tem Use: The bellows at any other easily damaged component

of the vacu,um-jacketed line should be protected from damage when there is

any activity in the vicinity of the line.
A

Any time a vacuum-jacketed line is pressurized above ambient, it must be

.... restrained to prevent overextension of the bellows.
/

The insulation efficiency of these lines depends on the maintenance of the

vacuum between the inner and outer jackets. The vacuum valves must be

leak-tight and a means provided to measure the degree of vacuum when the

line is installed.
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A burst disc in the outer Jacket prevents overpressurization in case
cryogens leak into the annulus. This disc must be protected from damage,

remain free of contamination, and be free of leakage.

6.2.1.11 Design Effectiveness

a. Cost: The man,,facturing direct labor hours per square foot are an
indication of the installation complexity of the insulation system and are

derived from manufacturing department records. These hours consist of

fabrication, installatlon, and assembly effort and indicate the systems

relatlve cost: 458 hours per foot of length for 8-1nch diameter.

b. Schedule: The schedule flow times for the insulation system are as
follows:

Procurement - 104 weeks

Subassembly - No NR data

Checkout - No NR data

c. Weight: The total as-installed weight is 6.89 pounds per foot of length.

d. Thermal Performance: The Q of this system is 30 Btu/hr/ft2; pK is 0.198 ii_
Btu/Ibihr-OF-ft4

i 6.2.2 Vacuum Jacket Plus Multilayer Insulation

6.2.2.1 Description

The vacuum jacket plus multilayer insulation (MLI) concept was proposed for
the Chemical Interorbital Shuttle (CIS) study (V7-953596, SD72-SAO042-2), as

the insulating system for the cryogenic propellant transfer lines. The vacuum

jacket is an effective thermal insulation for ground and boost operations

(Paragraph 6.2.1.1), and the MLI provides additional resistance against

radiant energy and is most effective during space operations.

The concept for the vacuum-Jacketed line wlthMLl is illustrated in

Figure 6.2.2.1-1. The vacuum-Jacketed design is described in Paragraph 6.2.1.1,

the MLI consists of single aluminized Mylar-embossed (SAME), which is added in

concentric layers around the vacuum jacket. For a more detailed description

of MLI, see Paragraph 6.1.10.1.

6.2.2.2 Application

a. Utilization: Vacuum-Jacketed lines with MLI installed outside the annulus
area could be used for space orbiting transfer systems. MLI reduces the

radiation heat transfer mechanism thus further reducing the heat leak to

the cryogenic fluid: i)
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B LINE ASSEMBLY

i "
L B MLI

MLI (SINGLY ALUMINIZEDMYLAR, EMBOSSED)

%

__,_ OUTERTUBE

EDSPACE

: "-, INNER 11JBE
'L,r -_.

SECTION I-B

Figure 6.2.2.1-1. Vacuum-Jacketed Line Assembly Plus MLI

b. Performance Characteristics: No experience available for assessing
characteristics•

c. System Limitation: System limitations are the same as those established

for ClS study.

d. Design Problems: Design problems could include those discussed in

Paragraph 6,2.1.2. Additional design problems would be associated with

the MLI material, including methods of installation, outgasslng of the

MLI, attachment techniques, temperature limitations, and degradation of
the optical characteristics of the MLI.

e. Design Verification: See Paragraph 6•2.1.2.
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6.2.2.3 Thermal Performance

This composite design offers a heat transfer rate lower than that of a vacuum

Jacket only. The addition of SAME layers to the external surface of the

Jacket interposes major thermal resistance between the environment and the

external Jacket surface, which is especially effective in a space environment.

The ground-hold maximum heat transfer rates are 30 Btu/hr-ft 2 for LH 2 lines
and 45 Btu/hr-ft 2 for LOX llnes0 which are the same as those for vacuum-

Jacketed lines. However, the on-orblt heat transfer rate with MLI is approx-

imately 0.5 Btu/hr-ft 2 for both the LH2 and LOX lines. A more detailed

analysis of thermal performance is presented in Paragraph 7.3.2.2

6.2.2.4 Structural Performance

Thestructural performance of this insulation system is identical to that

given in Paragraph 6.2.1.4. In addition, this system contains additional

insulation (MLI), over the outer jacket, which must function adequately under

the loadings of pressure, temperature, and vibration. Of structural Impor-

-_ , tance is the method of attaching the MLI to the outer jacket so that it does
not tear or crush when subjected to the aforementioned loadlngs.

: 6.2.2.5 Materials and Processes

The vacuum-Jacketed llne plus aluminized Mylar was the insulation system

proposed for the CIS study. The study did not include verification of the _,
concept; therefore, the Materials and Processes group developed no procedures ....
or techniques other than those described in Paragraph 6.2.1.5.

6.2.2.6 Manufacturing

No manufacturing information is available.

6.2.2.7 Quality Assurance

_ The proposed insulation system shown in Figure 6.2.2.1-I never reached

production status on the _aturn S-ll program. However, the system is

1 essentially "dual" insulation - a vacuum-Jacketed llne coupled with MLI. The

vacuum-Jacketed system was used extensively on S-II, and the quallty assurance

provisions are established in Paragraph 6.2.1.7. Although MLl was not used in

! production status on the S-II, an extensive research and development program
was undertaken and key quality assurance operating procedures and techniques

I established. These provisions are outlined in Paragraph 6.1.10.7

_i 6.2.2.8 Repair and MaintenanceNo information beyond that in Paragraph 6.2.1.8, is available.

6.2.2.9 ReliabilityNo Fallure Mode Effects Analysls has been performed on thls type Insulatlon

system.
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6.2.2.10 Safety

This insulation system has not been fully developed. No detailed hazard

analysis has been conducteJ, and no overall safety recommendations can be made.

It is recommended that such an analysis be conducted on a detailed design when

such a design is formulated.

Some components of the system, such as vacuum-jacketed lines, have been

analyzed, and experience has been gained in fabrication, installation, and

-, utilization. As a result, safety recommendations can be _btalned from the

other insulation systems that use these components. It _ not expected that

a different combination of components will materially alter the recommendations

originally made for a single component, but an overall evaluation cannot be

made without the aforementioned analysis.

For safety considerations associated w_th the basic vacuum-jacketed lines,

see Paragraph 6.2.1.10; for MLI, see Paralraph 6.1.10.]0.

....'_ 6.2.2.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are an indica-

tion of the installation complexity of the insulation system and are de-

rived from Manufacturing department records. These hours consist of

.......... fabrication, installation, and assembly effort and indicate the insulation

systems relative cost. There are no data available on the hours required

_ per foot length.

b, Schedule: The schedule flow times for this insulation system are not

available.

c. Weight: The total as-lnstalled weight is 7.04 pounds per foot of length.

d. Thermal Performance: The Q of this system is 30 Btu/hr-ft2; pK is

0.200 Btu/Ib-hr-°F-ft 4 .

6.2.3 Glass Fiber Batting Encased in CRES Sheet

6.2.3.1 Description

This insulation system is used on the S-II liquid oxygen feed system

(V7-531120). Heat transfer from a warm environment into the cryogenic fluid

is reduced because of the low conductivity of the glass fiber insulating

material. An influencing factor in the selection of materials for this

system was the LOX-compatlbility requirement.

Figure 6.2.3.1-1 illustrates glass fiber batting encased in CRES. Glass fiber

batting is placed between formed inner and outer CRES facing sheets, which are

then fused together with a continuous seam weld to completely encase the

batting. The contour of the inner facing sheet is designed to conform to the

outside contour of the area to be insulated. Lacing studs and venting_ provisions are added to the outer facing sheet to complete the assembly. The

number, size, and configuration of assemblies required are dictated by the

configuration of the area to be insulated.
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The insulation is installed by using tilelacing studs for cross-laclng

adjacent assemblies together' with lockwlre. The joints between adjacent

assemblies and any exposed g_s are sealed using glass fiber batting, high

silica fabric tape, and a brus:_-on elastomerlc sealant. The completed instal-

latlon is completely sealed to _solate the cryogenic surfaces from the warm
environment.

6.2.3.2 Application

a. Utilization: The principal functio_ of the glass batting/stalnless steel

system is to reduce the heat leak into the LOX feedlines. The stainless

wrapping provides a LOX-compatible system and prevents moisture from con-
taminating the insulation.

b. Performance: The system has been used suc:essfully on the S-If. The LOX

pump inlet temperatures have been within the required engine start box.

c. System Limitations: The design of the system o11ows for both high and low

_ temperatures. The high-temperature limits are the limit capability of the

materials and the maximum internal pressure limits. Also, the system must

be LOX-compatible and must not allow moisture to penetrate tLe insulation.

d. Design Problems: The system is an off-the-shelf design with modification

to meet the specific design requirements of the S-II. No specific design

i_'_ _ have been experienced with this system.

e. Verification Tests: No specific _erification tests were conducted on this
i_ system. Verification has been obtained, however, through flight evaluation

_, data, which indicate the system has thermally protected the LOX feed system.

! 6.2.3.3 Thermal Performance

The thermal performance characteristics of this insulation system are given

for a cryogenic propellant transfer line containing liquid oxygen. The
external surface of the insulation is exposed to the induced environment of

the S-If engine compartme_t. A detailed discussion of the thermal effects of

insulated piping components on LOX recirculatlon system performance is

presented in Paragraph 7.3.2.3.

The insulation requirements for the LOX sump, prevalves, and center engine

feed line were determined by test and analysis. An effective thermal conduc-
tance of 0.3 Btu/hr-ft 2, selected for design purposes, reduces the prevalve

body temperature adjacent to the LOX to approximately the temperature of

nearby components of the outboard engine feed lines. Glass fiber batting has

a thermal conductivity of 0.3 Btu-Jn/hr-°F-ft 2 at room temperature. Therefore,

a minimum thickness of i inch is requlred.o At ambient temperatures, the heat
flux to LOX is approximately i00 Btu/hr-ft _. During thrust chamber chill, the

heat flux is reduced to approximately 50 Btu/hr-ft 2.

V
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6.2.3.4 Structural Performance

Critical loading on the insulation system, as used on the S-ll, results from

i dynamic loading. Maximum stresses are developed in the CRES sheets and lacing

i wire during longitudinal vibration. Since the insulation is of lightweightconstruction, these stresses are minimal.

i 6.2.3.5 Materials and Processes

J, a. Materials:

i. Metal Sheet: Corrosion-resistant steel loll sheet, Federal Specifl-
-', cation Q Q-S-766, or Inconel foil sheet, Aerospace Material Specifi-

cation AMS 5540.

2. Batting: glass fiber, (MBO135-012 Type II).

3. Tape: high-sillca fabric, (MBO135-014 Type IV).

4. Sealant: elastomeric fluorocarbon, room-temperature curing coating

: for cryogenic application (MBO120-043).

b. Processes: The insulation is fabricated and installed in accordance with

the requirements of MAO605-017. Sealant processing is specified on the
engineering drawing. >

i. Material Storage and Handling: All materials are stored and handled

in accordance with the requirements of their applicable material
specification. Special handling precautions, to ensure maintenance

of LOX compat_b:[!!ty, are stated in MAO605-017.

2. Battlng/Metal Sheet Blanket Fabrication: As indicated in Paragraph

6.2.3.1, this insulation system requires fabrication of precontoured

composites of glass batting and metal sheet.

(a) The foll facing sheets, textured by cross-corrugatlon to aid

forming operations, are formed to the contour specified by the

applicable engineering drawing. Lubricants or tool release

agents may not he used in the forming process.

(b) Lacing studs, as required by the engineering drawing, are

installed by continuous seam welding to the outer facing of the
insulation blanket in accordance wlthMAOl07-O02.

(c) Venting provisions are incorporated in the outside steel foil

skin of each insulation assembly. A vent hole is placed in the

foil in such a position to prevent water drainage into the

batting. The holse is covered with a welded-on envelope to

prevent drainage in flow.
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(d) The gla_s batting, one half inch in nominal thickness, is e,,t

in flat patterns to fit within the formed foil facings. The
batting fibers must not extend Into edge and cut out areas that
will be welded subsequently,

(e) The inner and outer foil facings at edges and cut-outn are
Joined by contlnuous-reslstance seam welds in accordam:e with

MAOI07-002. The weld nugget width must be at least three tlmua
the Joint thickness,

3. Installation of Blankets: The metal blanket surfaces are cleaned with

trichloroethane, applied to the structure, and secured in place by
cross-laclng with lockwire. When installed, the detail blankets must

conform to the outside contour of the structure, and the maximum gap
between the installed details in 0.25 inch. The maximum allowable

gap between the insulation blanket and the structure Is 0.06 inch.

s 4. Sealing: Joints and gaps in the installed Insulation blankets are

_ .... sealed with glass batting, tape, and elastomeric sealant.

(a) The surfaces to be sealed are cleaned in accordance with MAOII0-
010.

'_:'-', (b) All gaps and joints are filled with glass batting material.

i|
(c) The LOX-eompatible elastomeric sealant is applied to the glass

batting material.

(d) Hlgh-sllica tape is applied to the joint area to secure the

coated glass batting.

(e) Four brush coats of the elastomeric sealant are applied to the

tape surfaces, allowing an alr dry of 30 to 40 minutes between
coats and a total cure of the last coat of 72 hours to

cryogenic exposure.
5J

_' 6.2,3.6 Manufacturing

_,: a. Description: The LOX feed system insulation is made of an inner and an
i outer Inconel skin about 0.004 inch thick. In between the cavity created

i by the shape of the skins is the glass batting insulation. Skins are

il formed over dies in a hydropress, then hand-worked with special cutters to

!i proper dimensions. Vent hole cover and stud assemblies are dimensionally
I located on the outer skin surface. The skin is cut for acceptance of

i_ studs and vent assembly and carefully hand-worked for spot-welding
_ operation. Batting retainer strips, to prevent batting from contaminating

iI final seam weld, are dimenslon_lly located and spot-welded.
All loose

ends of batting are removed to prevent imperfect seam weld on final close-

out. Inner and outer skins are prefitted and trimmed to match in prepara-

tlon for final weld operation. After being welded, subassemblies are
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handfitted to a ma_ter anaembly tool by ma,mally fitting each subassembly (_
and hand_laelnfl with wire through o_ud nhouldarn. Annamhlles are removed,

hond=c%ean_d, and packaged in a _hlppin 8 eontalner. Th_ Fahrleation and

Inntalla_ion _q.e.ca in _hown in Flguro fi.2.3.fi=l.

b. Toal|ng and Equipment: The too]in_ roqulromon_ eonnlnt of hydropr(_s

di_s, and maater facility tools. Equlpm_nt i_emn required are _pec_al
hard drill, tack w_Idar , spot welder, special hauler, _eam welder, shlp=

pln8 contalner, special cutt_r_, and blunt no_e pller_.

e. Problems: No problems

6.2.3.7 Quality Assurance

a. Raw Mate_ al Validation: Perishable raw materials are tested periodically

to verify continued conformance to specification requirements. See

Table 15.3.1.4-1 for the level of testing performed on raw materials

applicable to this design.

_i _ ¢

b. Subassembly Process Control (MA0606-017):

i. Cleaning: Because of the requirement that the insulation system be

LOX-compatible, quality control emphasis was placed on cleaning,

packaging, and handling procedures. All formed CRES parts were
_'!_ cleaned with inhibited instrument grade trlchloroethane and packaged L,

in sealed polyethylene envelopes until final assembly on the stage. _.
Fiber batting (MB0135-012 Type II) also was stored in sealed poly-

ethylene envelopes prior to use in production.

2. Welding: Resistance seam weld operations on the CRES foil were

inspected to the requirements of MA0107-002, Class C welds.

3. Fit Check: Completed insulation details were installed on a master

facilities checkout fixture to verify proper fit and location of

parting lines. It was verified the maximum gap between the instal-
led details was 0.25 inch and the maximum gap between the insulation

detail and the component surface was 0.06 inch, except where bridg-

ing of bolt heads and flanges was required.

4. Visual Inspection: Completed insulation details were inspected to
ensure that there were no holes or tears other than the designed

vent holes in the foll facings and that there were no weld discon-
tinuities in the seam welds.

c. Quality Verification of Final Assembly (Figure 6.2.3.1-1): Final accep-
tance was limited to visual inspection for proper fit as specified in

Paragraph 6.2.3.7-5-3. In addition It was verified that all Joints were

properly taped with high silica fabric tape (MB0135-014, Type IV), and

properly sealed with sealant (MB0120-O43).
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!# .
6.2.3.8 Repair and Maintenance

a. In-proces_ rework for holes or tears that occur during fabrication of the

metal foil facings is authorized by MA0605-017. Repairs are made by seam
welding a patch over the damaged area. Any other rework or repair

requires Material Review Board approval.

b. No special maintenance procedures, other than good housekeeping practice,

is required for this insulation system.

6.3.2.9 Reliability

There was no detailed failure mode effect analysis formulated because of the

absence of any obvious first-order failure modes. The mechanical lacing tech-
nique to join insulation segments was considered redundant and therefore

offered no first-order modes of failure. The testing and flight history of

the Saturn S-II reveals no failure of this type of insulation.

......_ 6.2.3.10 Safety
J

a. Fabricatlon and Installation: During fabrication and installation of

components of this insulation system, care must be exercised to ensure
" that no contaminating material is introduced that is not LOX-compatible.

_,, Clean white nylon gloves must be worn at all times by handling personnel.
_ During storage, the components must be packaged and protected to prevent

4 contamination or damage. Additional safety requirements are given in
Paragraph 6.1.1.10.

b. Glass Fiber Insulation Use: After the installation of this insulation

system, care must be exercised when working in the vicinity to prevent

damage to the surface.

c. After cryogenic exposure, the insulation must be examined for damage, and

if damage has occurred, repaired.

6.2.3.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are an indica-

tion of the installation complexity of the insulation system and are

derived from Manufacturing department records. These hours consist of

fabrication, installation, and assembly effort and indicate the insulation

system's relative cost. There are no data available on the hours required

per square foot.

b. Schedule: The schedule flow times for this insulation system are as

follows:

Procurement -- 6 weeks.

I Subassembly -- 8 weeks.
A
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Installation -- I week.

Checkout -- data not available.

c. Weight: The total as-lnstalled weight is 0.612 ib/ft 2.

I. CITES sheet, inner, 0.004 inch thick 0.1647 Ib/ft 2

2. Glass batting, 0.5 inch thick, 6 Ib/ft 3 .2500 ib/ft 2

ilI 3. CITES sheet, outer, 0.006 inch thick 0.2471 ib/ft 2

* d. Thermal Performance: The Q of this system is 150 Btu/hr-ft2; pK is
0.389 Btu/Ib-hr-°F-ft4.

6.2,4 Glass Fiber Batting -- Tape-Wrapped

,_. 6.2.4.1 Description

This insulation system is used on the S-II liquid oxygen feed system
r (V7-532001 and V7-531120). _eat transfer from a warm environment to the

cryogenic fluid is reduced because of the low conductivity of the glass fiber
insulating material. An influencing factor in the selection of materials for

' this system was the LOX-compatlbility requlrment.

J

The concept for tape-wrapped glass fiber batting insulation is shown in Fig-

ures 6.2.4.1-1 through 6.2.4.1-4. Insulation details are cut from glass fiber

batting, formed to approximate the contour of the component or area to be

insulated, and coated with an elastomerlc sealant. After the coating has
dried, details are snugged into intimate contact with the surface to be

insulated with a high-silica fabric tape. The tape, which is wrapped in a

random pattern, need not cover I00 percent of the insulation surface. The

exposed surface of the tape is then brush-coated with the elastomerlc sealant.

The sealant is used to protect the insulation details from moisture absorption

and to seal the area insulated against warm environmental gases.

6.2.4.2 Application

a. Utilization: This insulation system is very easy to install and allows

forming over complex contours. The materials are used in many applications
such as steam lines, oil lines, tanhs, valves, and refrigerators. It has

good high- and low-temperature properties as well as low thermal

conductivity.

b. Performance: When used on the S-If, this system maintained the LOX pump
inlet temperature within the start box requirements.

c. Limitations: The limitations are the same as those defined in Para-

graph 6.2.3.2.
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FAB& APPLSPECMA0605-016

INSULATIONDETAIL-
GLASSFIBERBATTING
(MBO135-012TYPEII)
COATEDWITHDYNA-THERM
SEALANT(MBO120-043)

P,EVVE,,E. ,,I

I' F_gure 6.2.4.1-I. LOX Prevalve Insulation Detail
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FAB& APPLSPECMA0_5-016 _,

/_::!

INSULATIONSYSTEM-_"_
GLASSFIBERBATTING
DETAILSHELDIN PLACE
WITHHIGHS ILICA

---- ' FABRICTAPE.I

COATEDWiTHDYNA-
' THERMSEALANT

_i

L

Figure 6.2.4.1-4. LOX 5ump
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d. Design Problems: The major design problem is in sealing against moisture.

This pr,_blem was minimized when the design described in Paragraph 6.2.3.1

was implemented.

e. Ver_fLcation Tests: No specific verification tests were conducted on this
sv_Lem. Verification was obtained from successful performance of the

flight vehicles.

6.2.4.3 Thermal Performance

The thermal performance characteristics of this insulation system are identical

to those of the system employing glass fiber in CRES sheet, (Paragraphs 6.2.3.3

and 7.3.2.3). The thermal conductivity is 0.3 Btu-in/hr-°F-ft 2 at room tem-

perature, and the ambient temperature heat: flux is approximately i00 Btu/hr,
based on 300 F.

6.2.4.4 Structural Performance
=i

_: ,, ' Critical loading on the insulation system, as used on the S-II, results from
!

, dynamic loading. However, since the entire insulation system is of light-

i-_ weight construction, these stresses are negligible.!

i_ 6.2.4.5 Materials and Processes

_ _ a. Materials"

_ i. Batting: glass fiber (MB0135-012 Type II).

2. Tape: high-silica fabric (MB0135-014 Type IV).

3. Sealant: elastomeric fluorocarbon, room-temperature curing coating

for cryogenic application (MB0120-043).

b. Processes: The insulation system is installed in accordance with
_&0605-016.

i. Material Storage and Handling: All materials are stored and handled

in accordance with their applicable material specification. Special

handling precautions, to ensure maintenance of LOX-compatlbility

requirements, are stated in MA0605-016.

2. Environmental Control: Mixing and application of sealant material

and assembly of insulation details are done in an area maintained at
60 to 90 F and a maximum relative humidity of 70 percent.

3. Cleaning: To ensure that LOX-compatlbility requirements are met,

cleaning procedures for insulating surfaces, mixing equipment, and
fibrous materials are specified in MA0605-016.
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4. Sealant Preparation: Single-component elastomeric sealant is mi_ed by _ "6
stirring to a u_iform consistency. The materlal may not be mixed by

shaking techniques. W_en two-component sealant is used, it is com-

blned in the w,_ight ratio specified by the manufacturer. The two-

component sealant may '_e thinned for the spraying application by
adding 25 to 30 parts by weight of reagent grade MEK to 100 parts by

weight of the mixed sealant.

5. Fabrication of Insulation Details: Flat patterns of the area or com-
ponent to be insulated are cut from glass fiber batting sheet stock.
The detail must be trimmed at leas_,one inch oversize to allow for

trim on final assembly. The batting detail is formed over a male

fixture of contour approximating that of t,,_'component to be insulated.

The batting may be held in position with _asking tape provided it con-

tacts the batting outside the final trim _rea.

6. Sealing of Insulation Faces: Both faces of the batting detail are

sealed with sealant applied with conventional spray equipment powered

; with dry air or nitrogen. Four box coats are applied to the outer

batting surface, allowing i0 to 15 minutes between coats and curing

the fourth coat at 200 _ i0 F for 30 to 40 minutes. The coated batting

: is removed from the form and spread open on a clean, flat surface.

The sealant is then applied to the inner surface in the same manner
as described above. The detail is cured at least an additional 12 hours

'_ at 200 _ i0 F. The coated batting is then triced with scissors to fit

• the area to be insulated. The peripherals of insulation are then _
stitched together with stainless steel staples. --_

7. Sealing of Insulation Edges: The edges of the insulation details are

sealed by brush-coatlng with sealant. Nine brush coats are applied,
_llowlng a 15- to 20-m%nute air dry followed by a partial cure at

200 _ i0 F for 30 to 40 minutes between every three coats. An addl-

tlonal 12-hour cure at 200 _ i0 F of the edge-sealed insulation detail

is required.

8. Installation: The insulation de_ails are lagged in place on the

structure using LOX-compatlble, high-sillca tape. The tape is wrapped

around the insulation details in a random pattern to snug them into

intimate contact with the component being insulated. The insulation

deta;lls on the base of the LOX sump housing are installed by using an

aluminum_cking plate, as detailed on the engineering drawing.

9. Sealing: Elastomeric sealant ia applied to the exposed tape surfaces.

A minimum of four brush coats of sealant are applied, allowing a

30-mlnute air dry between coats and a 72-hour air dry prier to exposure

to cryogenic temperatures.

'I
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,,_ r '6.2.4.6 Manufacturing

a. Description: Saturn S-ll LOX sump and engine feed llne components are

insulated using glass fiber batting wrapped with high-silica fabric tape

and sealed with an elastomeric compound. Glass fiber battings are cut
to size using flat-developed templates and scissors. The oversized batrlng

material is then formed over a male mockup and held in place with masking

tape. The masking tape is affixed to the batting outside the final trim

areas. The batting is hand-sprayed with a sealant atomized with nitrogen,

applying four coats and allowing a 15-minute 8ry between each coat. After
each two coatings, the batting is oven-cured for 30 to 40 minutes at 200 F

for 12 hours. After cure, the batting is removed from the mockup and
forced open to a semlflat condition on a clean, flat surface. The sealant

is sprayed on the inside surface, dried, and oven-cured. Insulation per-

formed details are Cut to size with scissors, being very careful not to

cause delaminatlon. The entire peripheries of the trimmed insulation are

stitched together, coated, and oven-cured.

; _ The assemblies are instaii_d on the LOX system components and carefully

" held in place. High-silica tape is then randomly wrapped over the bat-

tings; it need not necessarily cover i00 percent of the surface. Venting

provisions for expulsion of entrapped air must be provided. Sealant is

then applied in four brush coats and allowed to dry between each coat for

30 to 40 minutes. After the last coat, a cure of 72 hours is required

'__!; _ before exposure to spacecraft operating conditions. The fabrication and

installation sequence is shown in Figure 6.2.4.6-1.

b. Tooling and Equipment: Tooling consists of a male mockup to form and cure

the glass batting insulation components. Equipment consists of scissors,
container for the elastomerlc sealant, oven, work table, paddles, and

paint brushes.

6.2.4,7 Quality Assurance

a. Raw Material Control: The raw materials utilized in the tape-wrapped

glass batting insulation system are essentially the same as those used

i in the CRES/gI_ss batting system described in Paragraph 6.2.3.7. The
only exception is that the CRES envelope is not employed in thxs insula-
tion composite. Therefore, the quality assurance aspects of raw material

__ control were as described in Paragraph 6,2.3.7-a.

b. Subassembly Process Control (MA0605-016): Fabrication and installation

of the coated batting details was a cuL-.to-flt process. The manufacturing

6peration was accomplished on the vehicle at the Kennedy Space Center

launch complex. In-process quality control was limited to verification of

proper cleaning, complete sealant coverage, and proper cure times and

temperatures.
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c. Quality Verification of Final Assembly: 1 _|

i. Process Verification Test Coupons: Samples of batting (MB0135-012,

Type II) were sealed with sealant (MB0120-043) simultaneously with the

preparation of the production detaJls. The samples were subsequently
submerged in distilled water for six hours to determine the level of

moisture absorption. Maximum allowable water absorption was 5 percent.

2, Visual Inspection: Final acceptance was based on a visual inspection

for proper fltp taping, and complete surface sealing.

6.2.4.8 Repair and Maintenance

No standard repair or maintenance procedures were developed.

6.2.4.9 Reliability

There was no detailed failure mode effect analysis formulated because of the

absence of any obvious first-order failure modes. The multiple wrapping of

tape plus the coating of sealant was considered redundant and therefore offered

no flrst-order modes of failure. The testing and flight history of the Saturn

S-If reveals no failure of this type of insulation.

6.2.4.10 Safety

a. Fabrication and Installation: During the fabrication and installation of ,._i _
components of this insulation system care must be exercised to ensure that

no contaminating material is introduced that is not LOX-compatible. Clean

white nylon gloves must be worn at all times by handling personnel. Dur-

ing storage, the components must be packaged and protected to prevent

contamination or damage.

Additional safety requirements are given in Paragraph 6.1.1.10.

b. Glass Fiber Insulation Use: After the installation of this insulation

system, care must be exercised when working in the vicinity to prevent

damage to the surface.

After cryogenic exposure_ the insulatlon must be examined for damage andj

if damage has occurred, repaired.

6.2.4.11 Design Effectiveness

a. Cost: The manu£actuzlng direct labor hours per square foot are an indica-
tion of the installation complexity of the insulation system and are

deriv6d from Manufacturing department records, These hours consist of
fabrication, installation, and assembly effort and indicate the insulation

system's relative cost. No data are available on the hours requlred per

square foot.
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O 4"'b, Schedule: The schedule flow ttmeu for thin ln5u!ot$oB _yatem are not
availahl_.

e. Wolgh_: The total a_-_n_talled w_i_ht _ O.70R 11_/ft2,
o

iil I. Dyna-therm, 2 eoatn (MB0120_043) _ 0.048 lh/ft '_

2. Type IV tape (MB0%35_014) = 0.160 ib/ft 2

3. Type II batting, 0.5 inch chick, 2 ]ayera (MB0135=012)o 0.500 Ib/fl

d. Thermal Performance: The Q of this system i8 150 Btu/hr=ft 2
Btu/Ib.hr OF_ft4 ' ; OR i_ 0.464

6.2.5 Pour Foam

6.2.5.1 Description

_ The pour foam system was originally used to insulate various sections _nd

components of the LH 2 feed and recirculation systems on the S-If vehicles.
It was replaced with-the spray foam system described in Paragraph 6.2.6.1 in
all areas where access permitted. The pour foam system was retained for

insulating by encapsulation, the LH 2 feed llne flanges located in the thrust
cone area (V7-531325). Pour foam insulation is described in Paragraph 6.1.6.1.

_ A typical application of this insulation is shown in Figure 6.2.5.1-1. The
LH 2 feed llne flanges are first encapsulated in pour foam, and the foam is

then covered with aluminum pressure-sensltive tape.

6.2.5.2 Application

a. Utilization: Pour foam is used on the LH2 transfer line flanges to limit
heat leak to the LH 2. Pour foam can be readily formed around components
that are difficult to insulate efficiently by other means.

b. Performance Characteristics: There are no specific performance character-

istics for this system. It func£ions as part of the total insulation

system. Flight data have indicated satisfactory performance of the system.

¢. System Limitations: This system was de,eloped to meet S-II system

requirements, as described in Section 5. Primary limitations are dictated

by structural integrity in the complex configurations.

d. Design Problems: Design problems elated 'to this system were as follows:

Problem Solution

Accessibility to apply foam No ready solution. Design of
total insulation system must

i"1 provide for producibility.
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IIA Problem Solution

Rind formation at foam/metal Improved process conditions such as

interface proper heat rejection and humidity
control.

Metal corrosion under foam Provide proper primer system.

Eliminate processing contaminate

residuals. Provide proper control

for foam quality.

Poor adherence and porosity Match pour foam mechanical and

of foam physical properties to structural/

operational requirements.

e. Verification Tests: No specific tests were conducted for verification of

this system for this application. The pour foam was developed and veri-
fied as part of the overall foam program. Data from flight tests provided

verification of the system. No failures of the system in-flight have
been indicated.

6.2.5.3 Thermal Performance

The the_aal performance characteristics of pour _oam insulation for cryogenic
transfer lines are identical to those for spray-on foam, discussed in Para-f_

_ graphs 6.2.6.3 and 7.3.2.6. A respresentative value of thermal conductivity
is 0.06 Btu/hr-OF-ft 2, and the corresponding heat flux to LH2 is 265 Btu/hr-
ft2 for 1-inch thickness and 500 F_T.

6.2.5.4 Structural Performance

Significant factors affecting the strength of cryogenic transfer pour foam

insulation systems are identical to those given for cryogenic storage spray

foam insulation systems in Paragraph 6.1.4.4.

6.2.5.5 Materials and Processes

a. Materials:

i. Adhesive: polyurethane resin system (MB0120-024).

2. Primer: a modified polyester/isocyanate adhesive primer system

(MB0120-042).

i 3. Foam: low-density rigid polyurethane foam-in-place material

(MB0130-069).

b. Processes: The foam-ln-place insulation system for liquid hydrogen

components was processed in accordance with MA0606-043.

I. Working Area: The working area environment is maintained at a

temperature of 65 to 90 F and relative humidity of 75 percent or less.
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2. Mold: The fo-mlng mold around the feed lines are fabricated of card- r
board. The inner surface of the mold is coated with Johnson Paile

wax and then coated with Thalco 5006 release agent. An equlvalent

release system may be used if approved by Quality Assurance.

3. Primer Applicatlon: The primer components are thoroughly mixed in
accordance with instructions of the manufacturer. The unused prlmer

is discarded after eight hours. The primer is thinned _o a brushing

or spraying consistency by adding solvent consisting of 30 percent

MEK and 70 percent toluene by weight. The primer is applied until a

continuous dried film of 1/2 mil, maximum, is obtained. The primer
must cure a minimum of 4 hours at room temperature (60 to 90 F) before

i_ the foam is applied
i"

i_ 4. Foam Appllcation: The foam mold is prepared for the application of
foam and assembled into position on the detailed assembly. The

13 assembled mold is sealed at all Joints. The areas adjacent to the

i_i foaming operation should be protected from the excess foam extruded
i from the mold. The modl may be removed after a minimum of 4 hours'

cure at a minimum temperature of 65 F.

5. Aluminum Foll Application: Aluminum pressure-sensltlve tape is applied
to the foam insulation, as required by the engineering drawing. Two

layers of the aluminum tape are applied to the prepared foam surface,

with overlaps of 0.75 T 0.25 inch. The first layer is applied longi-

tudlnally and the second layer is wrapped clrcumferentially. Each

layer is thoroughly rubbed into place to eliminate voids and wrinkles. _

6.2.5.6 Manufacturing

a. Description: The pour foam application technique is described in Para-

graphs 6.1.6.6 and 6.1.7.6, and in Figures 6.1.6.6-1 and 6.1.7.6-1.

6.2.5.7 Quality Assurance

Quality control provisions for pour foam insulation are contained in Para-

graph 6.1.6.7.

6.2.5.8 Repair and Maintenance

a. Repair: Pour foam insulation may be repaired by in-process rework

procedures or by methods approved by the Material Review Board.

I. In-Process Repairs: MA0606-043 provides for in-process rework of the

pour foam as follows:

(a) Complete removal of foam to metal substrate

(b) Partial removal of foam

b. Maintenance: No special maintenance procedures are required for the pour ,i
foam installation system.
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_i_ 6.2.5.9 Reliability

There was no detailed failure mode effects analysis formulated because of the
absence of any obvious flrst-order failure modes°

6.2.5.10 Safety

For safety considerations of pour-foam, refer to Paragraph 6.1.6.]0.

6.2.5.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are an indica-

tion of the installation complexity of the insulation system and are

derived from Manufacturing department records. These hours consist of
fabrication, installation, and assembly effort and indicate the insulation

systems relative cost. No data are available on the hours required per

square foot.

i_i_ b. Schedule. The schedule flow times for this insulation system are as
follows:

Procurement - 5 weeks.

_._-...... Subassembly - O.

Installation - i week.

Checkout - O.

c. Weight: The total as-lnstalled weight is 0.286 lb/ft 2.

i. MB0130-069 foam, 1.00 inch thick 0.250 ib/ft 2

2. Aluminum tape 0.036 ib/ft 2 "

d. Thermal Performance: The Q of this system is 80 Btu/hr ft2; pK is
0.060 Btu/ib/hr-°F-ft 4.

6.2.6 Spray-On Foam

6.2.6. i Description

This spray foam system is used to insulate various sections and components of

': the LH2 propellant feed and reclrculatlou systems on the S-If. The LH2 feed

system transfers the cryogenic fuel from the propellant tank outlet to tile

I'-: J-2 engine inlet duct. The plumbing involved consists basically of vact_um-
insulated lines attached to flanges and of components which are not vacuum

- insulated. These flanges and components are encapsulated in spray-on foam

described in Paragraph 6.1.4. i.

I'
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A typical application of this insulation concept is shown in Figure 6.2,6.1-i. ,j.

The Ln 2 feed line elbow, which has one end welded into the LH 2 tank wall, "he

LH 2 shutoff prevalve, a spool piece, and associated hardware within the insu-

lation envelope are encapsulated in spray foam. The insulatlon is then covered

with a nylon fabric impregnated with a polyurethane adhesive (wet layup).

This concept is also used on other portions of the LH 2 systems, such as
recireulation pumps and valves and the main propellant tank fill and drain
valve.

It must be noted that electrical harnesses and connectors in these insulated

areas require special processing prior to encapsulation. For details of this

insulation design, see V7-531300.

6,2.6.2 Application

a. Utilization: In this application, spray foaming provides a relatively

_ simple method of insulating around complex contours. The principal

" limitation is accessibility for foaming and trimming operations.

=j b. Performance Characteristics: There are no specific performance character-
,, Istlcs that can be given for this system. It functions as part of the

total insulation system. Data from flight tests have demonstrated accept-

able performance of the system, w

_'_ c. System Limitations: This system was developed to meet S-II system

requirements, as described in Section 5. Primary limitations are dictated

by structural integrity in the compiex configurations.

d. Design Problems: Design problems are summarized as follows:

Problem Solution

Rind formation around feed Provide proper process conditions,
llne elbws such as reduced heat sink effects.

Voids in foam Improve spray-foaming techniques,

especially underneath feed line

elbow cavity areas.

e. Verification Tests: The system was verified on a production feed line

elbow specimenj with recirculation pump and associated hardware. The

specimen was subjected to ten LH 2 fill-and-draln cycles. Inspection tests

of the specimen were made to demonstrate adequacy, as described in
Section 15.

6.2.6.3 Thermal Performance

The thermal performance characteristics of spray-on foam insulation are given

for components of a cryogenic transfer line in which LH 2 is flowing. The line

is exposed to ground-hold and launch environments, as defined in Sections 4.].1

and 4.2, respectively. The overall heat transfer rates from the environment
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SECTION A-A
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to tie LH 2 flowing in the line are summarized below for different insulation
thicknesses. Supporting analysis is presented tn Paragraph 7.3.2.6.

Atmospheric air condenses on bare piping components that are ch_lled by LH2.

The ::esultant heat transfer rate due to cryo pumping is approximately 600 Btu/
hr, which is unacceptably high. For a natural convection heating environment,

the heat transfer rate to LH2 is approximately i000 Btu/hr-ft 2. This is high
for most applications. When I/2 inch of foam insulation is applied, the over-

all heat flux to LH 2 is reduced to 420 Btu/hr-ft 2. With i inch of foam insu-
lation, the overall heat flux is reduced to 265 Btu/hr-ft 2. These computed
results are sun_arized in Table 6.2.6.3-1. A foam thermal conductivity of

0.060 Btu/hr-°F-ft was assumed for the calculations.

For comparison, the heat transfer rate to LH2 during orbit has been estimated.

The no insulation heat flux of 360 Btu/hr-ft2 represents absorbed solar radia-

tion (Case 2). The assumed foam thermal conductivity of 0.002 Btu/hr-ft-°F

represents the radiation and so!_d conduction limiting value. The orbital

heat transfer rates to LH2 for i/2- and 1-1nch foam thickness are 23.0 and
...._ 11.5 Btu/hr-ft 2, respectively.

J

6.2.6.4 Structural Performance

, Significant factors affecting the strength of spray foam insulation systems

i,,-_..... for cryogenic transfer are identical to those given for cryogenic storage
_ spray foam insulation systems in Paragraph 6.1.4.4.

6.2.6.5 Materials and Processes

i
i a. Materials: See Paragraph 6.1.4.5.

_-,t b. Processes: The processes required to spray on the foam insulation shown

in Figure 6.2.6.1-1 are the same as those in Paragraph 6.1.4.5. In

addition, molds or manufacturing aids used for control of foam thickness

or shape should be coated with a release agent approved by Quality
Assurance. Caution: Do not use a silicone release system.

6.2.6,6 Manufacturing

a. Description: The spray-on foam technique is basically described in

Paragraphs 6.1.4.6 and 6.1.5.6 and in Figures 6.1.4.6-1 and 6.1.5.6-1.

6.2.6,7 Quality Assurance

Quality control provls_ons for spray foam insulation are contained in Para-

graph 6.1.4.7.

6.2.6°8 Repair and Maintenance

Repair and maintenance are defined in Paragraph 6.1.4.8.
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- Table 6.2.6.3.1. Thermal Performance Charaeterlstics of Spray-On Foam
Insulation Used on S-ll Cryogenic Transfer Lines

tleat 'l'ranz_fer Rata

(Btulhr_f_ 2)

Case Descrlpt_ion Grnu.d llold Orb_ t
i H,,. I

i No foam cryo pumping 6000 -

Air around LH2 lines
(a ground hold condition) (30 lb/hr/ft 2)

2 No foam

Natural convection i000 36,00

No cryo pumping

GHe around LH2 linea_

(a ground hold condition) (5 ib/hr/ft 2)

3 I/2-inch foam

_':' ,, Natural convection 420 I 23.0
No cryo pumping

,, Air around LH2 lines i
(a ground hold condition)

4 1-inch foam

_ Natural convection 265 11.5

...... Nc cryo pumping

Alr around LH 2 lines I

Ground Hold Assumptions

Thermal conductivity of foam: 0.060 Btu/hr-ft-°F

Thermal conductance for convection: 2.0 Btu/hr-ft2-°F

Overall temperature difference: 500 F

Orbit Assumptions

Thermal conductivity of foam: 0.002 Btu/hr-ft°F

Thermal conductance for radiation: 1.0 Btu/hr-ft2°F
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tk! i! _'
6.2.6.9 Reliability

The fallure mode analysis in presented in Table 6.2.6.9-1

Table 6.2.6,9=1. FMEA - Spray-On Foam
pql i

Component Failure Mode Mission Effect

Spray-on foam Breaks off Increased boll off,
insulation higher hea= transfer

rate, possible mission
scrub.

6.2.6.10 Safety

For the safety considerations of spray-foam, see Paragraph 6.1.4.10.

_, 6.2.6.11 Design EffectivenessJ

t

a. Cost: The manufacturing direct labor hours per square foot are considered

an indication of the installation complexity of the insulation system and

_ are derived from Manufacturing department records. These hours consist

of fabrication, installation, and ass_:mbly effort and indicate the insula-

!_"_"_" tlon system's relative cost. There are no data available on hours required l
i:_ per square foot _
it

b. Schedule: The schedule flow times for this insulation system are as follows:

Procurement- 5 weeks.

Subassembly - O.

Installation- I week.

Checkout -- 0.

c. Weight: The to_al as-installed weight is 0.282 ib/ft 2.

I, MBOI30-O07 foam, 1.00 inch thick 0.167 ib/ft 2

2. MB0130-023 Type II nylon 0.0546 ib/ft 2

3, MB0120-023 adhesive O.0600 Ib/ft 2

d. Thermal Performance: The Q of this system is 80 Btu/hr/ft2; pK is 0.051
Btu/Ib/hr-° F-ft4.
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6.3 HIGH=TI_MPERATIYRF,t'itOTECTION

0.3.1 Rigid tleat Shield .= ItRP Iloneyeomb, t;lantl/Phor.JlI_ Fm'lng ,fihoet_

6.3.1,1 l)oncrlpt Ion

(in the ,.=]I, a thermal barr-lo. 1,._ ln_-_tal](:d to pr.l_,,,I 11,,, I,_lfll_, l'¢,}_[Ofl f|°Ol|l

excessive heating during f_=ll bo;_s! (V7=530401). 'lhi_', I,._r|+l,_r, _'al I+,d Ih_,
basic heat _dd.eld, consista of two ])arlt.q: tho rigid port [,n do_crtl_,d In thl:_
seetl, on and the flexible, curt::;,in_-; destrl, bed In ,qoc! I_.l _, t.4. The rlp, I,I h,,.,ll
shlc, hl0 located betw__-,n rhc J=2 engines, provides thermal i)rotc,ctl,_n Ira- lhe
thrust cone, the thrust=cone-muunted equipment, and thL, LOX tank.

Thermal. protection is achieved t_y deflecting and dlw-rl InR englne cxlu.,ust
plumeg. At high altitude, the exhaust plumes expand and Impinge on o.e
another at a short dJstanc.e frem the nozzle exit plane. The pressure rist_

resulting from the supersor, lc impingement causes a back flow of exhaust gases
into the base region. At low altituda, the exhaust plumes do not expand aa
much as at high altitude, and no Jet i_upingement occurs. The back flow of
exhaust gases cause considarable base heating. In addition to this convective
heating, radiative heat will he emitted by the exhaust gases. At sea level,

convective heating from the exhaust gases is negl_glbie, but radiative hc,_tlng

can be appreciable.

....'. . The location of the heat shield is shown in Figure 6.3.1.I=1. A cross-sectlon

._ of the heat shield and materials used in its construction are shown in
Figure 6.3.1.1-2.

6.3. i.2 Application

a. Utilization: The rigid heat shield, made of honeycomb core filled wltlt

glass microspheres and wlth glass/phenollc facing sheets, protects

thermal-sensltlve components and materials against hlgh radiant and con-

vet|ire heating during firing of the S-II engines. Thermal performance is

achieved through the insulating churacteristlcs of the microspheres. To
prevent premature loss of the facing sheets from overpressurization, holes

are drilled in each sheet to vent gases generated within the honeycomb
cells.

This !,eat shield system is applicable to other space vehicles having

similar heating conditions aad whose components and structure must be

thermally protected.

b. Performance Characteristics: The design shown in Figure 6.3.1.I-2 has

been successfully used for all S-II's. Figure 6.3.i.2-1 shows a compari-
son of the maximum predicted heat shield temperatures, typical for S-il-5

flight, and the maximum design temperature for the aft facing sheel of the

heat shield. The design temperature is well above the temDerature

experienced.

6-215

SD 72-8A-0157-1

O0000005-TSAIO



#1_ Space DivisionNorthAmericanRockwell

AFT SIRUCTURE
AREA

RIGID HEAT
SHIELD

,'

),
o=,

• \ OUTBOARD ENGINE
FLEXIBLE CURTAIN

CENTER ENGINE (4 PLACES)
i FLEXIBLE CURTAIN

} SUPPORT STRUTS
6061-T6 ALUMINUM
ALLOY

RIGID SHIELD
GLASS PHENOLIC

DWICH (HRP)

FLEXIBLE CURTAIN
GLASS FABRIC

Figure 6.3.1.1-1. General Location of S-II Subsystem

6-216

_..72-SA-0157-I

00000005-TSA11





t

_) SpaceDivisionN_rthAme,ricanR_ckwell
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Figure 6.3.1.2-1. Heat ShLeld Temperature
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'_") c, Symptom Ltmttathmn: The _y_t_m wa_ do.v_4opod t,_ racer tho requlr(,m,,ntr_ of
the B-oI!. Thono lnelud,, rh,, fnllowinp, maximum d,,r;l|{u tomporatur_,,_: nit
r-1;I.dn, ]5.50 FI mtdd]_, f_wt_ _]de, 580 F; mid cold fne,,, 400 F,

d, lh'tilgllP|'-l_lc'lllf_:Pred_l,ln_i_,llCOl,,_l;_,r_,dIi}h_,/]ltd_i_,l,l,!i,_:Igu.,ll r_.la.
t!VOly liJlJior, ;it{, I ltll-,,d In T,qhl_, 6.3, 1.2,-I,

'I?able 6,3,1,2=1, Ilu:_I l;hhdd i)(mtl4n I)rol)lcnm 'Jml ,So'lut!,,n_)

Problem I'_,_,olut lmt
..... ¢- ,,r , , _ ,

Pre_m, ve but]dup n panel at Vellt(_( I c_u)figuratl(m by drlllln[:
temperature due to material holt.'u In cen,I1 core cell
outga_+_lng

l:aHure of attach points because Hade _,_cc:ia} '_olt w l.th additional
of 8hallow threads .}o('kwtre !, ..... and extended

"_'.qgth (,i';,_,1 ts
{

;_ Damage to Inserts during ::,, .,;,o, Redesigned tnuerts so they were
-' : men] of clamps and fixtures gap flush with upper laminate
{ between insert and upper

i ' laminate

!
e. Verification Tests: Simulated beating and vii)ration t_:..qt,_ were cm_ductcd

on 4- by 4-font panels of the heat shield dealgn t,, provide verification
and Initial qualification. Successful results were obtained on three
panels tested. Based on these tests, the system was considered satisfac-

tory for first flight, with fuji qualification depeudent on succcss/ul
performance.

0.3,1.3 Thermal l'erformanct,

The important performance req,_irement of the rlghl hcat shield design .is tl,at
It be capable of withstanding the temperature distributions that result from
base heating rates during boost. The predicted heating rates are presented In
Figure 4.2.2.3-3. The thermal analysis conducted included the effects of base

heating on the heat shield supports and rigid shield splice plates. The dura-

tion of these base heating neriods in the analysis were 374 seconds for the

dual and single actuator failure cases, and 467 seconds [or the outboard engine
out failure case. These two failures result In the most severe base heating

rates. The propellant mixture ratio (Pb_J used [or dual and single a_tuator

failure heating condition was 5.5'1 for the [lrst 295 seconds, and 4.7:1 for

the remaining portion of S-[I boost. The PMR used for the outboard engine out
failure case was the same except reduction to 4.7:1 occurred at 367 seconds,

The application of these ratios and times was significant in providing the
heating rates assumed In the analysis, which are shown in Figure 4.2.2.3-3.
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For analysis purposes, the rigid heat shield was divided into zones to account s

for variances in the heating rates and view factors. These heating rates,
along with the thermal and laaterial properties, were then used as input data to

a general heat transfer analysis computer program to determJne temperature

responses throughout S-If boost for all zones. The heat transfer modes usea in

the analysis were convective heating, radiant heating, radiation interchange,
and conduction.

Typical temperature responses for the rigid porti.n of the heat shield are

shown in Figure 6.3.1.3-1. They indicate that the rigid heat shield meets the

temperature requirements. Detailed temperature responses of other zones are
presented in the section on thermal performance analysis.

6.3.1.4 Structural Performance

Critical loading on the base heat shield results from dynamic loading and

thermal stresses. Vibrational loading occurs in the longitudinal, radial, and

tangential directions. Conventional methods of analysis for honeycomb sand-

_j with construction are used for structural analysis of the heat shield. Signif-
icant factors affecting the selection of the design are:

I a. Sandwich facings must be at least thick enough to withstand the chosen

! design stresses under the design load.

"'P b. The core must be thick enough and have sufficient shear rigidity and _.
strength so that overall sandwich buckling, excessive deflection, and
shear failure will not occur under design loads.

c. The core must have high enough modulus of elasticity, and the sandwich

must have great enough flatwlse tensile and compressive strength, so that

! wrinkling of either facing will not occur under the design loads.

d. If dimpling is not permissible, the cell spacing must be small enough to

prevent dimpling of the faces under design load.

6.3.1.5 Materials and Processes

a. Materials:

i. Honeycomb: The core is a nonvented 3/8-1rich cell fabricated of glass

fabric impregnated with heat-reslstant phenolic resin (MB0130-OI4).

2. Fabric:

(a) Glass fabric, phenolic prelmpregnated (MBOI30-O04).

(b) Glass fabric, phenolic prelmpregnated, high temperature
(MB0130-058).

(c) Temperature-resistant silica thread (MB0135-019).

(d) Glass microsphere particles (MBOIIS-003).
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T2 T3

AFT

T1

NOTES:

1. HEATING RATES FOR DUAL ACTUATOR FAILURE

2, RIGID SHIELD SECTION R-IO

L:i'"

0 T3

-_0o_ _'o....._o _'loo,oo' _oo'
S-II BOOST TIME (SECONDS)

I Figure 6.3.1.3-1. TypicalRigid Shield Section

6-221

SD 72-NA-NI57-1

00000005-TSB02



#i_ Space DivisionNorth Amf.rlcan Rockwell

3. Adhesive: _ ¢

(a) Thlxotroplc paste adhesive (HB0120-026).

(b) Foaming-type paste, elevated temperature-reslstant (MB0120-030).

(c) Epoxy-phenollc glass-fabrlc-supported tape adhesive (MB0120-048).

b. Processes: Storage, handling, and processing of the materials used to
fabricate the base heat shield are described in Section ii.

i. Fabrication of Base Heat Shield (MA0605-O01):

(a) Fabrication of Laminate Face Sheets: The same precautions are

required in fabricating the glass fabric laminate face sheets

that are observed in constructing the basic insulation system

(Paragraph 6.1.1.5). The overlaps of the glass fabric are at

least one inch, except in areas where part configuration pro-

hibits this size. The overlaps on the hot side are also sewn

', with a silica thread for stress purposes. The laminates are

cured by elevating the temperature in six steps, until a temper-

ature of 300 F is reached; they are then held at temperature for
at least 1 hour. The laminate is cooled to 150 F before the

pressure is removed.

(b) Fabrication of Honeycomb Core: Procedures followed in machining
the core configuration and grooves and fitting the splice Joints
are the same a_ those outlined in Paragraph 6.1.1.5.

(c) Filler: Glass microsphere particles are packed in each cell by

shaking or vibrating. In these areas, at least i00 grams of

filler is used per squace foot per inch of thickness of honey-
comb core.

_i (d) Bonding of Components: The surfaces of the glass laminates that
1, are to be bonded are lightly scuff-sanded with 120-grit sandpaper.

Care must be taken not to sand through the glass layers. The

laminate facing is bonded to the honeycomb core with an epoxy-

phenolic adhesive. Bonding of the lateral edges of the honeycomb

core to the laminate and of honeycomb core to honeycomb core is

accomplished with foamlng-type adhesive. Adhesive patterns are

tailored prior to removal of the protective film. The adhesive

may be chilled with dry ice to facilitate removal of t_te film.

Pressure is applied by the vacuum bag technique, with a minimum
vacuum of 20 inches of mercury maintained throughout the cure

cycle. Provision must be made for bleed-off of volatile materials,

and the vacuum bag must be free of leaks. The cure temperature is

_ raised in three steps until 340 F is reached, which is held at

least I hour, The panel assembly is cooled to 150 F, at which

point the vacuum may be removed.
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...... (o) Potting of ll_,_itShlold Components' For insta]latlon of Innortn c,
and a_tachmont;_, helen are drilled In the h_','lt _hlold in a_cord-.

ante with the: applicable engineering drawln_. (:are mu_t b_,

exerclr_od during the drilling oporatlon not to cause dolamlm_t_on

of the iamlnate around the periphery of the hole. The potting

material, thixotropie paste, must be cured In a ,,lrcu:l.atlng=_tlr
oven for at ]ezlst ] hour at 340 ± lO F.

O.3. I,6 Manuf_etur ing

: a. Description: The complexity in manufacturing the,rigid heat shield is in

_ the many manufacturing processing operations i_wolved in its assembly

_ The key operations are shown in the manufacturing flow (Figure 6.3.1.6-]).
I The 1-1nch panel halves are fabricated first, then the center skin is

i bonded to the cold side. The cold side is fitted to the somewhat larger• hot side and bonded. A final wraparound skin ties the hot side and cold

__ side together on the periphery. The holes and inserts are then installed
=_ by potting. The most manufacturing effort is in layup- and bonding-type

operations, which require strict adherence to in-process controls. All

: work must be done in an environmentally controlled area as cleanliness is
most essential to a reliable assembly. The layup and curing operations

must be carried out within the time limits and temperatures of the

specifications.

't::,: b. Tooling and Equipment: The principal tools are as follows:

"Y_ Cold-side panel layup die

Hot-side Eanel layup die
Flat bond table

Drill templates and jigs

Miscellaneous adhesive tools and slotting saws

The primary pieces of equipment required are a bonding oven capable of

maintaining a constant temperature of 340 F and a vacuum source for the

bonding bag pressure (approximately 14 psi).

6.3.1.7 Quality Assurance

a. Raw Material Validation: Perishable raw materials are tested periodically

to verify continued conformance to specification requirements. See
Table 15,3.1.4-1 for the level of testing performed on raw me,terials

applicable to this design.

b. Subassembly Process Control: The engineering requirements and quality

assurance provisions were established by MA0605-OOI.

i. Honeycomb Core: The core material was inspected for dimensional con-
formance with the thickness requirements specified on the engineering

drawing.

I
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2, Laminate Visual Inspection: Each lamlnat_ was visually inspected for :
evidence of the following unacceptable d_fects:

(a) Fractures

(b) Holes (except as specified on the drawing, no holes were allowed
which penetrated through any layer of glass fabric)

(c) Blisters

(d) Starved areas (defined as areas in which the fabric was not
sufficiently impregnated with resin)

(e) Tack: the entire laminate was verified to be tack-free.

(f) Wrinkles: no wrinkles were allowed on the external heat shield

laminate; wrinkle allowables were established for the internal

laminates as long as the wrinkle did not exceed 0.020 inch in

height.

(g) Delaminatlons

(h) Foreign obJects

°_' 3. Bonded Sandwich Visual Inspection: All bonded production parts were

inspected for exterior indication of improper cure, poor adhesion, ._,
improper alignment, dents, fractures, or other visible flaws.

4. Nondestructive Inspection, LQ0501-008: All individual laminated
honeycomb panels were inspected for unbend areas using a sonic reso-

nator employing a glycerin couplant. The inspection was performed

prior to drilling th, panel o_tgasslng vent holes (Figure 6.3.1.1-2).

The inspection was performed by masking off each detail into 12-inch

grids. As each area was inspected, the maskant was removed. Labora-

tory "standards" were fabricated with known void areas for comparison

with production details.

5. Process Verification Coupons: With the exception of thixotropic paste

materials, all bonding operations required that test coupons he fabri-
cated simultaneously with the production parts for testing and part

acceptance.

(a) Laminating Coupons: Laminate coupons were tested for tensile

strength, resin content, and specific gravity.

(b) Bonding Coupons: Bonding coupons were tested for lap shear

strength, honeycomb tensile, and honeycomb peel.

c. Final Installation Fit Check, MA0308-1018: Upon completion of production

operations a final fit check was performed by installlng the heat shield

on the S-II stage. Inspection verified no interference with any components "_)

such as wire bundles, brackets, and supports, while the engines were
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Figure 6.3.1.6-1. Engine B_lse Heat Shield! Panel Flow Dtal_ran_ ;,_
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tit''! ,euhJp.cted _a _ aamp!et(_ glmbal _ycl_, Whp.n pr_)por fLt w_l_ vpriflpd, _hl,
h_ml: nhit:ld wa_ renew,d, paekag_d, and shipped ta KSc f_r lnt_tnll.al:l.tm on
I:h_, vohlclo fol.lawing t_r_mplote sl:ltel<.lnt_ af the ,_Int,trn V vohlc'l(_,

6.3,1.lt Repa:lr and M_a_tntenanc_,

a, Repair= A11 repairs rrqulr_ Maturlal Revlmq Board approw_l. ,qprclflrtl_,
' Clan MA0606=04_1 defln(m repair pr_e(,duren for Im-_m°t holtm, v,,p:lar,,menl ,_f

inserts, lamluat-.e, and core for the, ho_ and celt! ahh,_t of rhe heat. _hleld,

b, Maintenance: No special maintenance It} requtrt_d,

6.3,1.,9 Reliability

Two failure modes were Identified: I.'_.at leak and lo_s of adhe.q'lon. FblEA

results are presented Jn Table 6,3,1.9=1.

Table b.3.1.9=I. FMEA=IIRP lloneycomb, Glass/Phenollc Facing Sheets

Subsystem or

Component Failure blode Mission F,ffects Remarks

lleat Shield Heat Leak Overheating of components in the

|__ thrust structure area
Loss of Honeycomb laminate separation;

Adhesion overheating of components, heat
shield structure loss

6.3.1.10 Safety

a. Fabrication and Installation: During fabrication of the base heat shield,

operations must be conducted in accordance with the applicable sections of
Industrial Safety Operations Standards.

Toxic, caustic, and flammable materials are used in the fabrication of this

insulation system. [ersonnel handling these materials should be trained in

their use and carry a valid certification of this trainln_.

Flammable dust and debris result from cutting and sanding operations. To

minimize fire hazards and prevent eontam_natlon, appropriate attention

should be given air filtering and housekeeping.

Glass fibers are produced when the curtain and glass/phenolic honeycomb

are cut or sanded. Protective clothing should be worn by operating per-

sonnel to protect the skin, and breathing masks should be worn to protect

the throat and lungs.
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Dur!ng lnntallat!on of tim ban_ h_at _hl_ld, the nuppnrt _trut_ nhould I)e
car_ful!y adJuntod ta onnur_ that na _nrninnal m h_ndln_ ]ondn are !ntro_
dueed into kilo heat nhlold.

Whiio tlu_ heat nhle]d In being Inn,ailed. earn nliou!d he lifted to on,lure
_hat _oolfl or partn of the heat ohSe!d are not drnppod onto lower portlont_
of _ho ntago.

b. Untng eho BaBe itoat flh&e_dt When the hea¢ nh!.eld in lnatall.ed and !n
being ut¢od an a work pin,form, earn si_ould be taken to prevent _ho drt'pplng
of tool_ or equipment onto it. A _harp tmpae_ m_gh_ delaminate _he t_kin
from the core. Whl],e thto damage may not be apparent, tt could lead to
failure in flighe.

6.3.1.11 Deaign Effectiveness

a. Co_t: The manufacturing direct labor hours per square foot are an indica-
tion of the in_tallatlon complexlty of the insulation system and are

._ d_rlved from Manufacturing department records. These hours coasts, of
fabrication, installation, and assembly effort and indicate the heat
shield's relative cost: 75 hours per square foot.

b. Schedule: The schedule flow times for this insulation system are as
follows:

Procurement - 12 weeks.

, Subassembly - 21 weeks.

Installation - 2 weeks.

Checkout - O.

c. Weight: The total as-los,ailed weight is 1.05 ib/ft2 broken down as
follows:

i. Glass/phenollc fabric, 2 layers (MBOI30-004 Type 6 CL I) -
0.1930 Ib/ft2

2. Honeycomb, 3_8-1nch cell, two 1-1nch-thlck layers (MBOI30-OI4) -
0.3658 ib/ft2

3. Glass/phenolic, 2 layers (MB0130-058) - 0.1980 lb/ft 2

4. Mtcrospheresj 2.5 lb/ft 3, 0.5 inch thick (MBOl15-OO3 Type Ill) -
0.1044 lb/ft 2

5. Glass phenolic fabric, 2 layers (MBO130-O04 Type 6, CL I) -
0.1930 Ib/ft2
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Figure 6.3.2.1-1. Cros.;-Seetlon of Rigid Neat Shield Plus Refrasll

Facing Bheet

6.3.2.2 Appllcatlon

a. Utillzatlon: This system, an adaptation of the heat shield discussed in

Section 0.3.1, has not been used on the S-II program, but the technique could

be used to modify existing proven designs and extend their applications.
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w,

b, Performance. Charae_orlntte-_: Although no t**nt¢4 hnv_ hoes conducted on thlt,;
r_yn_om, performance can be _xtrapo!atod from porfarl,aaco of _ho f._yt_tom

do, ocrlbod In 9oatLon fi,3,1 tn applJan_lonn with hot_ldo _omp_rutur,:,f_ of
approntmato.]y ]600 F,

c, System Llmlt;atlonn: Llmitat:lonn of thl,_ oy_tom must: I_o +_,onnidorod the
name aft thoflo _a Para_r/lph 6.3.1,2, w_th vht, lneromw In tomporat, uro to

:j_ 1600 F on the hot t}ldo. Laboratory tents may (,xr,(,n(I this limit.

1¢: d. ])e_)ign Problom_' See Paragraph 6.3,1,2.

e, Ver:lf_cation Test'o: No te,_t_ have b.o_n conducted.

6.3.2.3 Thermal Performance

The important performance requirement of the rigid heat shield is that it by
capable of withstanding a maximum surface temperature of 1650 F. The heating
environment on the rigid portion of _.he heat shield i_ assumed to cons_.st of

" a maximum convective heating rate of 20 Btu/ft2-sec and a radiative heating
rate of one Btu/ft2-see. The gas recovery temperature assumed is 2345 F. l!he

temperature on the aft face of the heat shield due to these eavlronmentn, is

approximately 1600 F.

6.3.2.4 Structural Performance
*_

Structural prime drivers in the proper design of the rigid heat shield with
silica mat are identical to those given for the S-If base heat shield in Para-

graph 6.3.1.4. In addition, the sillc_ mat must have strain compatlbl]ity

with the rigid heat shield so that tearing or gross deformation will not occur
at attachments.

6.3.2.5 Materials and Processes

This heat shield was proposed for applications in which elevated temperature

would be encountered. The study did not require verification of the proposed

concept, and no procedures or techniques were developed by the Materials and

Processes group.

6.3.2.6 Manufacturing

No Manufacturing data are available.

6.3.2.7 Quality Assurance

This design did not reach production status during :he course of the S-[I pro-
gram. Therefore, no quality control procedures were established for the total
insulation composite, Quality assurance provisions for tim rigid heat shield

portion of the composite are included in Paragraph 6.3.1.7.

6.3.2,8 Repair and Maintenance

No standard repair and maintenance procedures were developed.
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i.... 6.3.2.9 Reliability

There has been no fal]ure mode effects ana]ysls £_ner_t_d re,r Ibis typ_ of
_nsulation.

6.3.2.10 Safety

As stated, this insulation system has not been fully developed. S_nee no

detailed hazard analysis has been conducted, no overall safety recommendnt|ons
can be made.

Some of the components and materials of this system, such as I|RP, have b_en

analyzed, and experience has been gained in fabrication, installation, and

use. Thus, safety recommendations can be obtained from the other insulation

systems that incorporate these components. It is not expected that a different

combination of components would materially alter the recommendations orlglna]]y

made on a component, but overall evaluation cannot be made without the afore-

mentioned analysis.

6.3.2.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are an indlca-

tion of the installation complexity of the insulation system and are

derived from Manufacturing department records. These hours consist of

_v , fabrication, installation, and assembly effort and indicate the heat shield

. relative cost. There are no data available on ":he hours required per

square foot.

b. Schedule: Since this concept has not been developed, no data are available

on flow times for procurement, subassembly, installation, and checkout.

c. Weight: The total as-installed weight is 1.287 ib/ft 2.

d. Thermal Performance: Q is not applicable to the evaluation of the heat

shield because of the varying heat rates from the engines and the short
time span of the heating; OK is 0.28 Btu/Ib/hr-O_-ft _.

6.3.3 HRP Honeycomb Core, Glass/Polyimlde Facing Sheets

6.3.3.1 Description

This insulation system has been proposed as a thermal barrier to protect an

auxiliary propul_ion system (APS) from the base heating associated with the

boost phase of an Expendable Second Stage or INT-21 launch vehicle. The hot-

side facing sheet of the barrier deflects the hot exhaust gases, and the space

between facing sheets provides thermal resistance to heat transfer from the

hot-side facing sheet to the cold-slde facing sheet.

This design lu shown in Figure 6.3.3.1-1. A heat-resistant phenolic honeycomb

core and polyimide facing sheets are bonded together to form a rigid sandwich

I structure. Addition an proposed as a increasing
of ablator has been method of
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:ii__ Ch_ thermalcapabilityof the design in local areas whore plume impingement
could occur due to engine glmballng.

For addltlonal information on polylmlde sgndwiah panels, see Paragraph 6.i.9.1.

i 6.3.3.2 Application

a. Utilization: This thermal barrier system is designed to protect sensitive
'i

:: vehicle components from the induced environment of high radiant heat and

} hot erosional gases such as those due to aerodynamic flight or in areas
_ adjacent to engine plumes.

The design shown in Figure 6.3.3.1-1 is a unique application for the

-'_ protection of a specific component. Original development was oriented J

!i the protection of frangible external insulation systems during launch.

b. Performance Characteristics: Systems of this type were evaluated in a_ design application program (SD 70-684). That effort was devoted to find-

,_!,, ing a lightweight barrier that could wlthstand flutter and aeroheating
created by a flight profile similar to that of Saturn V.

c. System Limitations: Because of limited test data, this heat shield is not

recommended for use in environments where the surface temperature exceeds

approximately 1000 F for periods longer than 60 seconds. The addition of

"_" . ablative coatings such as cork would permit use of the system at higher

temperatures, provided the interface with the honeycomb core does not
exceed the I000 F limit.

d. Design Problems: Since this hea_ shield hgs not been employed on flight

vehicles, design problems associated with installation are not available.
Results of design tradeoffs for similar systems are presented in SD 70-684.

e. Verification Tests: No verification tests have been conducted.

6.3.3.3 Thermal Performance

An important thermal requirement of this rigid heat shield is that it be

capable of withstanding the temperature responses resulting from the most

severe heating envirolments caused by various failure modes during S-ll boost.

The maximum temperatures estimated for these worst-case environments for the
vertical ulde and cover of the heat shield are 1460 and 1410 F, respectively.

The temperature limit is 1550 F; thus, the shield is capable of withstanding
the boost environments considered.

These temperatures do not Include that resultlng from d_rect plume impinge-
ment, whlch could result from J-2 engine glmbaling. The temperatures attained

in the case of direct J-2 plume Impingement upon the heat shield are estimated

to range from 2350 to 3250 F. Thus, the heat shield configuration shown in

Figure 6.3.3.1-1 is not capable of withstanding direct J-2 plume impingement

for any great period. The exhaust gas temperature is about 5000 F. From thls

it appears that the allowable plume impingement is a time function.
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6.3.3.4 8truetural Performance _

Structural prime drivers in the proper design of the rigid heat _hleld with
polylmlda facing sheets are identical to those given for the S-ll paso heat
shield in Paragraph 6.3.1.4.

6,3.3,5 Materials and Processes

This heat shield design did not require verification, and no materials and

processes procedures or techniques were developed.

6.3,3.6 Manufacturing

No Manufacturing data are available.

6.3.3.7 Quality Assurance

This insulation did not reach production status during the course of the S-II

:_ program. Therefore, no quality control procedures were established for the
insulation composite.

; 6.3.3.8 Repalr and Maintenance

No standard repair or maintenance procedures were developed.

u.3.3.9 Reliability

There has been no failure mode effects analysis generated for the insulation.

6.3.3.10 Safety

No detailed hazard analysis has been conducted on this heat shield, and no
overall safety recommendations can be made. It is recommended that such an

analysis be made on a detailed design as soon as one is formulated.

Some of the components and materials of this system, such as HRP, have been

analyzed, and experience has been gained in fabrication, installation, and

use. Thus, safety recommendations can be derived from the other insulation

systems that use these components. It is not expected that a different com-

bination of components would materially alter the recommendations originally

made on a component, but overall evaluation cannot be made without the

aforementioned analysis.

6.3.3.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are an indica-

tion of the installation complexity of the insulation system and are

derived from Manufacturing department records. These hours consist of

fabrication, installation, and assembly effort and indicate the heat

shield's relative cost. No data on required hours per square foot are
available.
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_) b. Schedule: Since thla heat shtald has not bean fully developed, no flow

times are available.

c. Weight: The total as=lnstallad weight _s ].054 lb/ft 2.

d. Thermal Performance: Q is not applicable to tileevn]uatlon of the heat

shield because of the varying heat rates from the engines and th¢_ _hort

time _pan of the heatlng; PI( is 0.28 Btu/ib/hr-°F=ft 4.

6.3.4 Flexible fleet Shield-Glass Fabric and Batting

6.3.4.1 Description

The thermal barrier in the base heating region of the S-II consists of the

rigid portion described in Section 6.3.1 and the flexible curtains. The

latter provide thermal protection for the thrust structure, hardware mounted
on the thrust structure, and the Lax tank.

,;_ To maintain an effective barrier between the stationary rigid heat shield and

_ the gimbaling J-2 engines, the gap is spanned by flexible curtains composed of

a hlgh-temperature-resistant material quilt. Adequate slack is provided to
allow for radial movement of the engines and flexing of the curtains due to

change in gas pressure during flight.

• An overall view of the flexible curtain installation is _hown in

....::_:_" I Figure 6.3.4.1-1. A typical cross section and materials used in curtain con-
struction are shown in Figure 6.3.4.1-2 (complete installation details are
shown on V7-530401).

!

: 6.3.4.2 Application

a. Utilization: The glass fabric and batting system provides a heat barrier

between the engines and the thrust structure and components while allowing
movement of the engines. Glass fabric and batting materials are used in

other high-temperature applications such as furnaces, heating elements,

heating tapes, and electrical insulation.

b. Performance Characteristics: This insulation has been successfully

employed on all S-If stages. The system provides the necessary protection
for the thrust structure and interstate components. No failure of the

system during flight has been indicated.

c. System Limitations: Th:;s system was developed to meet the requirements of

the S-II program, as discussed in Section 5. The materials and configura-
tion are limited to the constraints of that program. Limitations are based

on two major design considerations that prevailed in selection of materials

and the design: (I) a maximum temperature of 1650 F and (2) a pressure

loading across the composite of 0.i psi (Figure 6.3.4.2-1).

d. Design Problems: The use of a sewn construction in preparing the system

I composite considerably reduced the design problems. The only major prob-
-_ lem experienced was _n manufacturing: excessive fraying of the glass
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_j

FLEXIBLE CURTAIN •

R ENGINE RIGID SHIELD , "GLASS PHENOLIC
SANDWICH

FLEXIBLE
CUI,_TAINS
OU",8OA RD
ENG',NES

Figure6.3.4.1-1. Heat ShieldFlexibleCurtains

CURTAIN _llrLII
ROD mlI_1

STRAP i i
_-__ S994

"_' GLASS ...............

• , TREAD

$994 q'_""--CURTA IN

GLASS _ SECLF .........CLOTH _ . ION A-A
• COVERING ", "

I--,-HIGH
7 SILICA

BATTING

_URTAIN A

ROD CURTAIN
STRAP

•LOWER DWGV7-530567{REF)
CURTAIN CURTAlNFABRICA'ED

ROD PERMA0605-002STRAP

Figure 6.3.4.1-2. EngineHeat ShieldFlexibleCurtain
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fabric material during handling. An organic coating was brushed on the

glass cloth edges to eliminate fraying during manufacturing. An additional
problem was encountered, as demonstrated by test, with the method of

attachment. A new edge attachment was designed and successfully demon-
strated under test.

e. Verification Tests: Tests to verify the design of the glass cloth/high-

silica batting composite are as follows:

i. Verification of Edge Attachments: 6- by 6-foot specimens

(Figure 6.3.4.2-2) were tested to ultimate at elevated temperatures.

Specimens failed at 36 to 54 psi at 1650 F, in excess of the load

requirement of 0.I psi.

2. Verification of Design Under Heating and Vibration: Tests were con-
ducted on a 48- by 54-inch specimen (SID 63-600-7). The specimen was

loaded to 202 pounds and then subjected to sinusoidal vibration or

5-2000 Hz at 45 g's peak at ambient temperature and random vibration

j_ (20-2000 Hz at 0.531 g2/Hz) with aerodynamic heating (1650 F) as shown
in Figure 6.3.4.2-3. The specimen showed no apparent damage.

3. Verification of Design Under Tensile Loads: Tests demonstrated that
:: the design could withstand predicted temperature and loading
:; conditions.

4. Flight test data verified adequacy of the system to provide a thermal
=_ shield for the thrust structure and interstage components.

6.3.4.3 Thermal Performance

An important performance requirement of the flexible curtain design is that it

be capable of withstanding the temperature distributions that result during

boost from the base heating rate environment presented in Figure 4.2.2.3-i,

The upper temperature failure limit of the flexible curtain is 1650 F.

The curtain was divided into zones to account for the variances in the heating

rates and view factors. The environments in these zones, along with the

thermal and material properties, were used as input data to a general heat

transfer analysis computer program to determine the temperature response in
each of the zones. The heat transfer modes used in the analysis were convec-

tion heating, radiant heating, radiation interchange, and conduction.

Figure 6.3.4.3-1 presents a typical flexible curtain temperature history for

an outboard engine zone and a center engine zone that results from the base

heating environment generated by the failure of both hydraulic actuators on

one of the J-2 engines. These responses indicate that the flexible curtain

meets the temperature requirements imposed by the failure of the dual actua-
tors. Other detailed responses are presented in Paragraph 7.3.4.3.
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! ENVIRONHENTALTEST REQUIREHENTS
"1

1. SINE SWEEPAT ARBIENTTEHPERATURE.6-20OO-5
CYCLES/SECAT ONEOCTAVE/NIN

!_....:' 2. RANCH VIBRATIONFOR4 MINUTES
3. CONTINUEPJ_NDOHIN CONJUNCTXONWITH AERODYRAHIC

HEATINGPROFILE(1650 F HA)() FOR470 SECONDS

i01 SATURNS-%1 TEST LEVELS SATURNS-%I TEST LEVEL
RANDOMVIBRATION 102. SINUSOIDALVIBRATION

ii

_ 100 _CPS AT 1.0492/CPSo " = 101.

z = ZO-4 HINUTES20_,2OO0 NE INPUTAT CONTROLPOINT0>,,,
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_... 18 rSTART OF S II BOOST

48" FLEX CURTAINB_E HEATSHIELD

_'r_E_RA_TURE.._01T.EMP.ERATM -

-4- -_1-2-i I 100 300 500
TII_. - RINUTES 0 TIRE - SECONDS

Figure 6.3.4.2-3. _.quIpsent end _nvlroranentaZ Test Requtreme.ts
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400

NOTE: HEATING RATES FOR DUAL
ACTUATION FAILURE
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-100
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,111 Fisure 6.3.4.3-i. Typical Flexible Curtain Sections
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6,3.4.4 Structural Performanc_

Crate.ca1 loading on the flnxl, hln curCa_n renultn from prannure (n_at_c p!un
cyclic) and _ompnra_ura loadlng, Effo_n of vibrational- loadn wore _onnltl_r_:,d
negligible for the fi-II don_g., flignif!eant factorn affecting the ntrength of
the flexible gurt_:l.n are:

a, Orieatat£oa and dcn_l, ty (number per lneh) of n_£_chlnR

b. 8pagtn8 of the rows of stitching

c. Number of elemento _cwa toBather

d. Protection of threads

6,3.4.5 Materials and Processes

a. Materials:

i. High-sillca reinforced mat (MB0135-015).

: 2. High-temperature glass fabric (MBO135-018),

3. Temperature-resistant glass thread (MB0135-022).

b. Processes: Storage, handling, and processing of the materials used to >
fabricate the flexible curtain are described in Section ii. The curtain

. is fabricated in accordance wlth MA0605-002. Patterns of the glass fabric
and silica mat are cut in accordance with the applicable engineering draw-

,, int. To prevent fraying along the trim llne, Kant Fray solution is
,! applied (H.I. Thompson Fiberglass Company, Gardens, Calif.). The splice
:i: Joints of the mat or fabric are sewn with glass thread using a stitch in
i accordance with Federal Standard No. 751.

6.3.4.6 Manufacturing

a. Description: Glass fabric and batting sewn together with glass thread
constitute the basic structural components of the flexible curtains.
Curtaln materlal and batting are cut to developed flat pattern templates,
folded over batting, and machlne-sewn into small detail assemblies.
Larger subassemblies are machlna-sewn to template configuration, forming
approximately 120 degrees of coverage around the engine and rigid heat
shield (Paragraph 6.3.1.6). Glass cloth attach loops are added to provide
a means of fastening the curtain to the rigid heat shield and lower attach
ring at the engine.

The curtains are flt-checked on the vehicle instead of with a simulated
tool. The curtains were altered to fit where required.

Installation of three curtains on the center engine compartment comprises
the entire circle of protection. They are tied together along three Joints i
with glass ropes interlaced at presewn loop straps, Four curtains are
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) a_taehod to _h** four outboard oaglnon in th¢_ namo mannor, The fabrication
and !Bntall_ltlon t3oqllOllOO :[tl tlhovnl in Figure. 5.3.6.6-1.

b. Tooling m_d gq.ipm.nt= Tomplaton for flat patl:ornn wor,, the only _ooln
unod. Equipment !Coma connlttt4,d of _e!nnorn, l_nivot_, nowlng mtwhlnon,

!1 standard lioto_ puncl_, _md _) t!h!pp:lng vonta:lnor.

O,3.4.7 Qua!$_y At_ouranee

The flexible curt:aln wao fabricated wJt'hout the ut4o of any pe_ Ir_hablo raw

taster&sis, ln=proeeot_ quality control was limited to dimensional and vtt,;uol
inspection during and following production of the insulation detal:t_. Final
acceptance was accomplished by a fit-check on the vehicle in whtch the curtain
was completely :(nstalled arm the engines were gimbaled to verify a nonlnter-
ference fit.

5.3,4.8 Maintenance _nd Repair

_..;,: No standard repair or maintenance procedures were developed.

6.3.4.9 Reliability

Ore mode, fabric tearing, is identified as the means of failure. FMEA results

are presented in Table 6.3.4.9-1.

Table 6,3,4.9-1 FMEA--Flextble tteat Shield-Glass Fabric and Batting

Subsystem or
Component Failure Mode Mission Effects Remarks

, , ,,,,,

Heat Shield Tearing of Overheating of components in
Fabric thrust structure area

6.3.4.10 Safety

a. Fabrication and Installation: During the fabrication and installation of

parts and components of this insulation system, operations must be con-
ducted in accordance with the applicable sections of Industrial Safety

Operations Standards.

b. Flexible Heat Shield Use: The flexible heat shield must be installed

between the base heat shield and engine bell as late as possible in pre-

launch preparations to minimize flexure during checkout of other systems
and to reduce the possibility of damage while other work |s being done in

the engine area.

After installation of the flexible heat shield, the engines must be

gimbaled through the operating limits to verify that the curtain has been

:_ properly installed and does not restrict engine movement or impose exces-
" sire stresses on the curtain.
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6.3.4.11 Deslgn Effectiveness )i

a. Cost: The manufacturing dlreet labor hours per square foot are an

inditer!on of th_ Inntallatlon complexity of thn _nnu],ntlon system and are

':) derlved from Mnnufaeturlng department records. These hours connint of
fabrication, installation, and assembly effort and J,nd_,cat_the fle_Ibl_

heat shlold'5 relative coot, No data are available on _ne hourn required
per square foot.

b, Schedule: No schedule flow tlmes ate available.

c. Weight: The total as-installed wei31t is 0.352 lb/ft 2 brokon down as
follows:

i. Battln 8 (MB0135-015) - 0.2322 ib/ft 2

2. Fabric (MB0135-018) - 0.1200 ib/ft 2

d. Thermal Performance: q is not applicable to heat shield evaluation
because of the varying heat rates from the englnes and the short tlme span

of the heating| PK is 3.34 Btu/ib/hr-OF-ft 4.

6.3.5 Flexible Heat Shleld-High-Silica Fabric and Batting

6.3.5.1 Description

The S-If stages assigned to Skylab missions will experience a thermal environ- =

, ment beyond that which the flexible heat shield material described in
Paragraph 6.3.4.1 can withstand. Since the function and configuration of the

base heat shield were not changed, the more severe requirements were met by
the substitution of materials.

Curtain installation is illustrated in Figure 6.3.4.1-1. A curtain cross

section and materials used are shown in Figure 6.3.5.1-1.

6.3.5.2 Application

a. Utilization: This system, incorporatlng the Irish refrasil fabric, allows

the system to be used in higher-temperature environments than can be with-

stood by the glass fabric system.

b. Performance Characteristics: No real-tlme data are available with which

to assess the performance characteristics of this system.

c. System Limitations: This system is designed to meet the requirements of

the Skylab missions, in which temperatures to 2400 F and differential

pressure loads of 0.80 psld are predicted for the worst-case conditions.
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d, Design Problems: The design of this systom is relatlvoly _implo, and, as

with the system descrlb_d in Paragraph 6.3.4.2, the prob]_,ms ar_ assocl-

ated primarily with manufacturing, Those problom_ are as follows:

Problem Solutions

Quartz threads broke upon I. Clear plastic fl!r_ was

direct contact with sowing placed over curtain to

machine prevent abrasion

2. Polyethylene film was
fused with the fabric

(s-If-15)

-__. Resewlng previously sewn Sewing was restrlcted to

areas resulted in damage to virgin areas
cloth and threads

_i ._." e. Verification Tests: Verification testing of the system is described in

i SD 72-SA-0027. Data from both tensile and fatigue tests on fill and warp

.," specimens demonstrated the ability of the flexible curtain to withstand

temperatures to 2400 F and pressure loads up to 34 pounds per inch

(0.80 paid).

'_: 6.3.5.3 Thermal Performance

An important performance requirement of the flexible curtain design for the

Skylab mission is that it be capable of withstanding the temperature distribu-

tions caused by the predicted heating rates. The predicted maximum convective

heating rates on the flexible curtains for the center and outboard engines

were 7.7 Btu/ft2-sec and 13.3 Btu/ft2-sec, respectively. Based on these rates,

maximum temperatures attained were 1520 F and 1760 F for the center and out-

board engine flexible curtains, respectively.

6.3.5.4 Structural Performance

Structural prime drivers in the proper design of the flexible heat shield

(refrasll and batting)are identical to those given for the basic S-II design

(glass fabric and batting) in Paragraph 6.3.!_.4.

6.3.5.5 Materials and Processes

a. Materials:

I. Fabric:

(a) High-silica reinforced mat (MB0135-015).

(b) Amorphous silica, chromlum-treated, polytetrafiuorethylene-coated

fabric (MB0135-028).
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) (c) Temperature-resistant quartz thread, polytetrafluorothylene-coated
(MB0135-029).

(d) High-sillca braided rope (MB0135-030).

(e) Electrical-lnsula_ing, shrinkable Teflon sleeving (MB0150-025).

b. Processes: The temperature-reslstan_ flexible curtains were processed in

1 accordance wlthMA0605-022.
q

:i i. Trimming: The mat and fabric are trimmed to the configuration of the

i,_ engineering drawing, with special attention given the fabric warp
direction designated on the drawing.

2. Sewing: The section or panels are sewn together with quartz thread

using a stitch that conforms to Federal Standard No. 751. Interrupted

stitching that results from a broken thread is restarted 3/4 inch to
i-1/2 inches before the broken thread.

3. Lacing Ropes: The rope and sleeve are cut to length, with the sleeve

extending 1/16 to 1/8 inch beyond the cut end of the rope and installed

in accordance with STO 105CA0001. The exposed rope is then sprayed

_:_ with three coats of MS-122 release agent (Miller Stevenson Chemical

.... Company, Inc., Los Angeles, Calif.) or equivalent.

6.3.5.6 Manufacturing

a. Description: Sewing operations are the same as those described in

Paragraph 6.3.4.6, except that materials are hlgh-sillca fabric (refrasil)

9nd quartz thread.

b. Tooling qnd Equipment: Refer to Paragraph 6.3.4.6.

6.3.5.7 Quallty a_surance

The quality control procedu, es were as stated in Paragraph 6.3.4.7.

6.3.5.8 Repair and Malntenanue

a. Repair: Repairs to the flexible curtain are made in accordance with
MA0605-024 or by engineering direction. In both cases, the repair

requires Material Review Board approval.

b. Maintenance: To prevent damage to the flexible curtain, the part must be

stored in a manner that will prevent folding or creasing of the coated
fabric.

6.3.5.9 Reliability

The basic mode of failure is tearing of fabric. FMEA results are presented

I: in Table 6.3.5.9-1.
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Table 6.3.5.9-1. FMEA-High-Silica Fabric and Batting

Subsystem or
Component Failure Mode Mission Effects Remarks

Heat Shield Tearing of Overheating of components in
Fabric thrust structure area

6.3.5.10 Safety

No hazard analyses have been conducted, and insufficient operational experi-

ence has been accumulated on this insulation system to formulate safety

requirements.

6.3.5.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are an indica-

...._ tlon of the installation complexity of the insulation system and are
derived from Manufacturing department records. These hours consist of

fabrication, installation, and assembly effort and indicate the flexible

_ heat shield's relative cost: 15 hours per square foot.

b. Schedule: The schedule flow times for this insulation system are as

....'_ follows:
i

Procurement - I0 weeks.

Subassembly - 16 weeks.Z

Installation - i week.

'i Checkout - i week.

i_ c. Weight: The total as-lnstalled weight is 0.517 ib/ft 2 broken down as
-_. follows:
t

I i. Batting (MB0135-015) - 0.232 Ib/ft 2
2. Fabric (MB0135-028 Type II) - 0.284 ib/ft 2

d. Thermal Performance: Q is not applicable to heat shield evaluation

because of the varying heat rates from the engine and the short time span

of the heating; PK is 4.91 Btu/ib/hr-°F-ft 4.

6.3.6 Bonded Cork Sheet

6.3.6.1 Description

The bonded-cork insulation system is used to protect the exterior surfaces of

the S-If interstage and aft skirt structures from aerodynamic heating during

boost (V7-531320 and V7-315007). The bonded cork provides a heat sink and an
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) ablative surface that prevents the substrate structure temperature from

exceeding the permissible upper limit.

The concept consists of bonding prefit cork sheet details to the exterlor sur-

faces of the structures (skins and stringers) that are to be protected. In

areas where the structural detail is complex in shape, the cork is applied
either in segmented strips or in preformed shapes. This insulation concept is

shown in Figure 6.3.6.1-i.

6.3.6.2 Application

_ a. Utilization: Cork is bonded to the surface of the S-II tank structure to

_ protect the structure from excessive temperatures during boost. This is
one of the many space applications of cork over metal to provide thermal

ii! protection. Cork has been used on nose cones and leading edges and for

_ thermal control of instrumentation components.

__ b. Performance Characteristics: The cork-bonded system has been used

i,i _._,_,_ successfully on the exterior surfaces of the interstage and aft skirt on
" S-II-I to S-II-13 and on the interior surfaces of the aft skirt on S-II-I

to S-II-3.

c. System Limitations: This system was developed to meet the requirements of

the S-II program, as discussed in Section 5. The system malntains the

_;_ _ _ temperature on the aft skirt structure at a maximum of 235 F during S-II

i_ boost and that on the interstage structure at 500 F during the first
30 seconds of S-If boost.

d. Design Problems: The system consists of a number of preformed and precut

cork details bonded to the structure. The principal problems are associ-
ated with voids between the cork and the substrate. During the initial

installation, many voids in the bond line were encountered using Epon 934

adhesive. Variation in stringer dimensions contributed to this. Change

to a contact adhesive (MIL-A-24179) reduced the number of voids.

e. Verification Tests: A verification test program (SID 66-1468) was con-

ducted that included aeroshear, aeroheating, installation verification

tests, and environmental exposure tests. A typical specimen and profile

for the aeroshear and aeroheat tests are shown in Figures 6.3.6.2-1 and

6.3.6.2-2, respectively.

6.3.6.3 Thermal Performance

Cork bonded directly to structure as protectlon against aerodynamic, solar, or

base heating has unique thermal performance capabilities. It is unique in that

it serves to limit the temperature of the structure to which it is bonded by

acting simultaneously as an ablator, a heat sink, and conductive insulation.

Cork of varied thickness is employed on the S-If aft skirt and Interstage

structure to limit the temperature in these areas to allowable structural

_i limits. These structures are exposed to aerodynamic &_d solar heating during
- S-IC/S-II boost. Interstage structures are additionally exposed to base
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heating during the first 30 seconds of _II boost. Established structural _

i_ii temperature limlts for fi_II-4 through fi_II_15 are 235 F during S-IS boost and

500 F for the interstate, during the flrnt 30 seconds of g_l[ boo_t.

Assumed aerodynamic heating ra_ot_ wore based on real of feats for the
g,as

design heatln_ rate boost trajectory. The _)ffoet of protuberance.n were alto,i-!_ cone%doted. Solar heating wa_ assumed to be 438 Btu/hr-°F_ft 2. h port,on of
the aft _ntorstage is subjected to bot_o heating throughout S-I_ boot_C. The
aerodynamic heating and protuberance effects assumed are as specified _n the
CEI specification (_P621M0014A). Base heating vateo aosumed arc those do, f;Inod
in SID 61=473=1. S=II Environmental Data for S=I£ Stage. Mater_al properties
assumed for the 30 lb/ft 3 cork employed are as follow_: thermal conductivity
equal to 0.05 Btu/hr=°g_ft; specific heat equal to 0.5 Btu/lb=°F; emissivity
equal to o.g; absorptivity = 0.8; initial temperatures (at beginning of S=IC
boost) of 0 F between stations 240 and 283 and 80 F between stations =23
and 240.

These data were used in a thermal analysis digital computer program to deter=
mine the transient temperature response of the structure due to the externally
applied environments. The variation in cork thickness with station and the
detailed results of this analysis are presented in Paragraph 7.3.6.1. The
maximum aft skirt and interstate structure temperatures of S=II-4 through
S-II-15 were calculated to be 235 F or less at S-IC end boost and 460 Y or

less during the first 30 seconds of S-II boost, indicating that the variations
in cork thickness employed in this insulation concept are adequate to lit,tit

the structural temperatures as required.

Bonded-cork insulation was also used on S-II-6 and subsequent vehicles to pro-
tect the thrust cone web structure located at Station 196. The igb web is

subjected to base heating throughout S-II boost. Further thermal performance

details of this application are contained in Paragraph 6.3.7.3.

6.3.6.4 Structural Performance

Significant factors affectin 8 the structural integrity of this insulation

system are identical to those given for the cork insulation system in

Paragraph 6.1.8.4.

6.3.6.5 Materials and Processes

a. Materials:

I. Adhesive :

(a) Contact (Mil-A-24179 Type I)

(b) Epoxy adhesive system (MBOI20-O08).

2. Coating: synthetic elastomer (MBO125-036).

3. Insulation: cork sheet (MBOI30-020 Type I). i
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_) b, PracofinoR' Tho. lnnula_lnn ny_tom 1._ l nstallod In accordanc_ wtth
blA06flfi_f}53,

1, Material. Storage and Ilandl!ng; All matorlnlt:_ arn t_tarod and h.mdl{,d
in accordanoÜ wl th flppl letlblo 1.at_rlal t_pe¢' I f leat_nnn.

2, C,loanlng; Prebend _lea1_ng of f/lyin_ _lurfacetl lr_ done by w|plng with
sol,vent In accordance wl_h blAOhO6_053,

3, Preparation of _orl¢ lnf_ulat:l.on: _lmple cork tn_,tlatlon de_a;l!n are

trimmed from cork f_heet. When requ:Ired by _he en_,lnoering drawing,
the cork to preformed by placing ehe cork sheet on a preformed tool,
rat_Jtn8 the cork temperature to 310 :L 10 F, and applytng 10(+5, =0) pal
pressure to the cork for 10 to 20 minute_.

4. Application of Cork Insulation: Mil=A-24179 Type I adhesive is
thoroughly stirred and two brush coats of adhesive are applied to the
laying _urfaces of both the cork and the _tructure. The adheMve is

:, air-drled at least 30 minutes between coats and from 60 to 150 mlnute_'
between application of the second coat and installation of the cork
detail. Since reposttiontng of the cork detail is not possible after
contact of the laying surfaces is made, the structure is covered with
a Kraft paper peel sheet, which is p-eled back after inltlal control

is obtained at one edge of the detail. The cork insulation is pressed

_" _ into contact with the structure with a roller or other suitable rub-

_ out paddle. MBOI20-OO8 adhesive, mixed in accordance with the manufac-
turer's instructlous, is used to fill gaps between abuttlng cork

details and to fair the leading and trailing edges of the cork details
' into the structure.

!. 5. Application of Fungus-Resistant Coating: The cork insulation bond is

i allowed to cure for 168 hours before the fungus-resistant coating is

applied. MB0125-036 material is thoroughly mixed and applied to the
exposed surfaces of the cork insulation in accordance with MA0606-053.

Two or three coats of MB0125-036 material are applied by brush or

spray to obtain approximately 5 mils of thickness. The material is
allowed to air-dry 30 minutes between coats and at least 12 hours

after the final coat is applied.

6.3.6.6 Manufacturing

a. Descrlptiou: Sheet cork and molded cork are bonded to the S-If interstage
and aft skirt structures in a manner similar to the sequences outlined in

Paragraph 6.1.8.6. The hat-shaped stringers are covered with cork in two

ways' (i) oy knife-cuttlng cork from sheets using a straight edge as a

guide; (2) by preforming the developed flat pattern cork in a preform tool

uving heat and vacuum bag pressure.

Contact adhesive is applied to the sides of the stringers and tank wall

surfaces and to the faying surfaces of the cork. The cork is then posi-

I tioned to the prefit location on the stringer. Contact pressure Is applied
- with hand rollers. After cure, excess adhesive is removed by filing and

l
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sanding In preparation for brush or spray coating with co!or-pigmented ¢'
fungu_ronintant paint. The manufacturing _queneo of operatlon_ in
illustrated _n Figure 6,3.6.6-I.

b, Tooling and Equipment: Similar to that described in Paragraph 6.1.8.6.

6.3.6.7 Quality Asouvanee

a. Row Material Validation: Perishable raw materials are tested periodically
to ver%fy continued conformance to specification requlremonts. See
Table 15.3._.4-i for the level of tesClng performed on raw materlals

applicable to this design.

b. Subassembly Process Control (MA0606-053):

i. General: The cork was bonded to the structure with a solvent-based

contact adhesive, MIL-A-24179, and all Joints subsequently sealed with

an epoxy adhesive, MB0120-008. Routine controls were invoked relative

to cleaning of the painted structure, environmental control, adhesive

mix verification, and open assembly time.

2. Process Verification Coupons: A process verification coupon was

required to be fabricated with each production operation involving the

MIL-A-24179 adhesive. The coupon consisted of four 2-inch by lO-ineh

sections o_ sheet cork bonded to a painted aluminum sheet representa-

tlve of the production structural surfaces being insulated. The test i

coupon was subsequently sent to the laboratory for assessment of bond

integrity.

c. Quality Verification of Final Assembly: As a final production operation,

all cork surfaces were painted with a fungus-reslstant coating (MB0125-036).
The insulated structure was inspected before and after coating, as follows:

i. Preeoating Visual Inspection: Bonded cork details were visually

inspected to the following requirements extracted from MA0606-053:

(a) Bonded cork details shall be free of cracks other than surface

cracks around sharp radii caused by forming operations.

(b) Individual bondllne voids shall not exceed one inch in the

smallest dimension.

(c) Individual bondline voids shall not exceed i0 square inches in

area. Voids separated by one quarter inch or less shall be con-
sidered as one void when calculating allowable void areas.

(d) No voids shall be permitted within one inch from the leading or

tral]Ing edges or one quarter inch from any side of a bonded
cork detail.
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2. Post-Coating Visual Inspection: During application of the insulation
system to initial Saturn S-II vehicles, it was learned that visual

inspection of the cork was extremely difficult because of the _exture

of the unpainted cork surfaces. Some unacceptable void areas were
found after application of the fungus-resistant coating when light

reflection aided the inspector. For that reason the visual inspection

noted above was repeated _ollowing application of the final top coat!

-_ 6.3.6.8 Repair and Mair:_enance

Although in-process rework of cracks and voids are allowed in MA0606-053, all

dlserepancies discovered _ubsequent to completion of the installation were

repaired in accordance wi_h Material Review Board dispositions. No special

_' maintenance of this insulation system is required by the engineering drawing

_i or specification.

6.3.6.9 Reliability

......_ There was no detailed failure mode effects analysis formulated because of the
absence of any obvious first-order failure modes.

6.3.6.10 Safety

a. Fabrication and Installation: Careful fitting of the insulation detail

parts is necessary to ensure the integrity of the assembly. Many inter-
faces are present that would lead to the loss of a positive protection if

these interfaces are not sealed by fitting the parts to eliminate large

gaps or voids.

During the assembly of this system, it is necessary to ensure that error

of installation are not covered by later installations. In-process

inspection and testing must be used to verify that each portion of the

system is sound prior to the installation of the next part. Additional

safety requirements are given in Paragraph 6.1.1.10.

b. Cork Insulation Use: Cork insulation is a passive system and no special

precautions-other than surface protection, regular inspection, and repair--

are necessary during its use.

6.3.6.11 Design Effectiveness
¢

a. Cost: The manufacturing direct labor hours per square foot are an indica-

tion of the installation complexity of the insulation system and are

derived from Manufacturing department records. These hours consist of

fabrication, installation, and assembly effort and indicate the Insuletion

system's relative cost. No data are available on the required hours per
foot.

!
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b. Schedule: The schedule flow times for this insulation system are as ; ¢'
follows:

Procurement - i0 weeks.

Subassembly - 0.

Installation - 9 weeks.

Checkout - O.

c. Weight: The total as-instalied weight is 0.184 lb/ft 2 broken down as
follows:

i. Cork, O.062-inch thick (MB0130-020) - 0.160 lb/ft 2

2. Adhesive (MIL-A-24179) - 0.024 lb/ft 2

_ d. Thermal Performance: Q is not applicable to this insulation system as

used on S-II because of the varying heat rates; pK is 1.57 Btu/ib/hr-°F-ft 4.

6.3.7 RTV Silicone Rubber Coating

6.3.7.1 Descrlpt ion

Silicone rubber insulation material was used on S-II-I through S-II-5 to
protect the structural frame at Station 196 from convective and radiant base ....

heating during S-II boost (V7-315005). The relatively low thermal conductivity

of a room-temperature-vulcanizing (RTV) silicone rubber compound, along with

its heat capacity, provided the thermal resistance required to lower the maxi-

mum temperature of the structure to acceptable levels.

A coating of RTV silicone rubber compound was applied to the aft side of the

frame structure, as shown in Figures 6.3.7.1-1 and 6.3.7.1-2. On S-II-6 and

subsequent vehicles this design was replaced with a bonded-on cork concept at
a considerable weight savings. Details of the cork design are also shown on
V7-3±5005.

6.3.7.2 Application

a. Utilization: This application use_ ambient-temperature-curing silicone

rubber compound as an ablative coating to limit temperature In critical
structural areas.

b. Performance Characteristics: The system was installed on the first five

S-II stages. No specific tests were conducted to establish the perform-
ance characteristics. _here were no indications of failure during flight,

as demonstrated by successful completion of the mission objectives.

c. System Limitations: The system is designed to perform within the stage

design limits. These limits state that the silicone system must limit
the 196 web to 500 F at the end of 30 seconds of S-II boost. Tests in the
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PtBure 6.3.7.1-2. R'I_ Stltcofie Rubber Coating
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'i) c.
laboratory indicated that the system would limit the temperature to 450 F.
Data Indlcate the matorlai is good for continuous use to 450 F.

d. DaNign Problems: No speclfle design problems were encountered. The dlf-

flcu3ty of $ns_allln6 the ayatem to a given thickness led to u_lng bonded

cork on the web to faeilitate application.

e. Verification Tests: Veriflcatlon was made by using small laboratory test
specimens to demonstrate the application and ability to adhere to the

substrate. Verlficatlon was further obtained as the result of S-ll stage
cryogenic tests, which indicated no failures of the system.

6.3.7.3 Thermal Performance

The S-If thrust cone web section located at Station 196 is subjected to con-

vective and radiant base heating throughout S-If boost. The base heating rates

are as specified in SID 61-973-i. The heating rates vary, however, both with
angular position due to clustered engine effects and with boost time as a rune-

? tion of interstage presence (off after 30 seconds) and engine mixture ratio

(which is reduced after 350 seconds of S-If boost). Without insulation protec-

tion, the temperature of the 196 web was found (by analysis) to exceed the
allowable strength-llmiting value.

_ To provide the required thermal protection on S-II-I through S-II-5_ the

I 196 web structure was coated with i/4-inch-thick RTV insulation. S-II-6 andsubsequent vehicles were insulated with i/4-1nch-thick bonded cork (a lighter-
weight material). The RTV has a density of 80 Ib/ft 3, a thermal conductivity

of 0.12 Btu-ft/ft2-Hr-°F, and a specific heat of 0.3 Btu/ib-°F.

A thermal analysis of this insulation concept indicated that the maximum unin-

sulated temperature of the 196 web (720 F) was reduced to 450 F by use of

i/4-inch-thick RTV insulation. Use of i/4-inch-thick bonded cork (30 ib/ft 3)

(the system employed on S-II-6 and later vehicles) reduced the maximum 196 web

temperature to 480 F, which is within allowable limits and results in a weight

savings of approximately 60 percent.

6.3.7.4 Structural Performance

A significant factor affecting the structural integrity of this insulation

system is the difference in thermal contraction and expansion rates between

the base structure and the ablative coating. These must be determined in order

to determine the stress levels developed in the coating. A discussion of the

structural analysis of organic materials is contained in Section 8.0.

6.3.7.5 Materials and Processes

a. Materials:

I. Silicone: RTV paste (MB0130-034).

2. Primer: room-temperature silicone (AB0125-007).
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b. Processes: The RTV rubber coating is applied to the aft skirt
(Figure 6.3.7.1-1) in accordance with MA0106-055.

i. Surface Preparation: All surfaces to be primed are prepared in
accordance with MAOl10-023.

2. Application of Primer: The primer is applied to a clean surface by

brushing, dipping, or spraying. (The surface, after priming, is a

uniform translucent plnk color. A dark plnk indicates too much

primer, while an almost colorless pink indicates insufficient primer.)

The primer should be allowed to dry at least 30 minutes, but no longer
than 24 hours, before the silicone rubber is applied. The primed

surface must be protected at all times against contamination.

3. Preparation of Silicone Rubber: Two tenths of one percent by weight

of curing agent, Thermolite 12, is added to the rubber compound and

thoroughly blended. After mixing, the compound is deaerated in a

vacuum (minimum of 28 inches of mercury) for no longer than 15 min-

• _ utes. The mixed and deaerated sealant may be quick-frozen and stored
for two weeks at -80 F.

4. Curing Cycle: The sealant is cured after 72 hours at ambient tempera-
ture if 20 percent or more of the surface is exposed to the air.

_=' 6.3.7.6 Manufacturing

a. Description: Multiple brush coats of RTV are applied to the aft side of
the structural frame at Station 196, as shown in Figure 6.3.7.6-1. The

thickness is as specified on the engineering drawing and application and

cure are as specified in the applicable process specification.

b. Tooling and Equipment: Only templates and equipment such as brushes
i

are required.

i 6.3.7.7 Quality Assurance
t

a. Raw Material Validation: Perishable raw materials are tested periodically

to verify continued conformance to specification requirements. See

Table 15.3.1.4-i for the level of testing performed on raw materials

applicable to this design.

b. Subassembly Process Control

I. General: Routine controls were _nvoked relative to cleaning of the

painted surfaces prior to silicone application, environmental control,

primer application, catalyst addition, and cure times.

2. Process Verification Coupons: Process verification test coupons were

cast from each mix of silicone rubber. After the required cure cycle,
the Shore "A" hardness was verified to be 55 & i0.
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ACOATINGOFRTVSILICONE

i# RUBBERCOMPOUNDWASAPPLIEDTOTHEAFTSIDE
OFTHEFRAMESTRUCTURE
ATXB196.00ASINDICATED A-A

. IN SECTIONA-A RTVSILICONERUBBERCOMPOUND

Flgure 6.3.7.6-I. RIW Slllcone Rubber Coating

6.3.7.8 Repair and Maintenance

No standard repair or maintenance procedures were developed.

6.3.7.9 Reliability

There was no failure mode effects analysis formulated at this component level
because of the absence of any flrst-order failure modes. No reliability
information is available.

6.3.7.10 Safety
t

a. Fabrication and Installation: Housekeeping and area cleanliness must
receive particular emphasis to reduce the fire hazard and rlsk of

,.,,, contamination.

,'i ! I Protective clothfng must be worn while applying RTV. This clothing
includes coveralls, gloves, and shoe covers.
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Additional safety requirements are given in Paragraph 6.1.1.10. _

b. RTV Insulation Use: Since RTV is a passive system, no special precautions--
other than surface protection, regular inspection, and repair-are necessary

during its use.

6.3.7.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are an indica-

tion of the installation complexity of the insulation system and are
derived from Manufacturing department records. These hours consist of

fabrication, installation, and assembly effort and indicate the insulation

system's relative cost. No data are available on required hours per
square foot.

b. Schedule: The schedule flow times for this insulation system are as
follows:

Procurement - 6 weeks.

Subassembly - O.

Installation - 2 weeks.

;_ • Checkout - O.

c. Weight: The total as-installed weight is 1.40 ib/ft 2. Specific gravity ....

(MB0130-034 Type III) = 1.35.

d. Thermal Performance: Q is not applicable to this insulation system
because of varying heat rates; PK is i0.i Btu/Ib/hr-OF-ft _.

6.3.8 Ablative Coating (Korotherm)

6.3.8.1 Description

This insulation system is used on the S-II for the thermal protection of the

base heat-affected surfaces of the interstage internal structure during S-II

boost (V7-531104). A coating of ablative material protects the substrate

structure through sublimation and by the thermal resistance of the remaining

layer of charred ablator.

The concept consists of spray-coatlng the structure with a sillca-filled
isocyanate resin material (Korotherm). The configuration is shown in

Figures 6.3.8.1-1 and 6.3.8.1-2.

6.3.8.2 Application

a. Utilization: The Korotherm spray ablator coating system is used on the

interior of the S-II interstage because of the complex protuberances.

Korutherm also is used as an ablative thermal protection system on areas

of :he S-IVB having temperature conditions similar to those of the S-If.
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I
Figure 6.3.8.1-I. Ablative Coating

b. Performance Characteristics: This system has been used successfully on

S-IZ-4 and subsequent vehicles. It has protected the structure within
design limitatlons.

c. System Limitations: The system was developed to meet the requirements of
the S-ll program, as discussed in Section 5, and the matecials and ¢on-

figuration are limited to the constraints of that program. The design

functions as a thermal ablator to limit the temperature of the structure

to a maximum of 500 F at the end of 30 seconds into S-11 boost. The sys-

tem is also limited to ground temperatures above -50 F.

d. Design Problems: The significant design problem was associated with

cracking and debonding of the Korotherm due to low temperatures created by

extended stage chill-down tests on S-I1-9 and S-1I-lO. A test program was
conducted to determine the cause of the failures. It was concluded that

the material was sensitive to thickness, low temperature, and aging. The

solution for S-1I-9 was to remove and replace the defective material. For

S-II-IO, rework was not required because of the relaxed thermal and struc-

tural performance requirements established from results of previous

flights. The S-ll-lO rationale will be followed in the future.

!
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Figure 6.3.8.1-2. Ablative CoattnB Detail
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e, Vo.riflaa_lnn Tents: V_,rJflcatlan _e..st_ af tile FWf_tom consisted of the
f_llowinR '

1. A _ol_ion of nma]|,_r-mmplo l:onl_l (1,_lRnra 6.3._t.2-1) war,, ,'.nihu'l.d in
_ho plnnmn ,|o_ {:er_l fay llnty l:o Idonelfy thermal l_rOpi,rl loll of l:ho
ny_o_, lilies frc_m t,ofl_n of mn_rl_ll nf vnrl-nr_ tl,lt'klit,;_-h,zl nr_, tih_w.

2, _mall=npeclmon _¢_,{]tnwq,ro conducted _(._(lemon_rat(, l:h(,_q)rnyoon

appl_Ica_ton chnr,_wt¢,rlt_th.n, 1'hoFm eharne[rl,rlt_rlt, n wore di, vi,l.l)ed
w],t-hin manu_ac _ur [tlg W| [n_ coal:i;Ig t_¢'¢hllo I ogy fill In R (_onvont I o',Inl
npray equ|,pm_,n_.

3. Small Bample_ were te_ed In the radiant h(,ntlng r;_clllty tn a,_me:;:_

_he ablative characterls_Ic_, h typical _(,st prollle I_ ,_h_wn In
F_gure 6.3.8.2-5.

6,3.8.3 Thermal P_rformance

. .r

The aft skirt and interstage structures of the S=]I are exposed to aerodynamic

and ,_olar heating during S-IC/S-II boost, The aerodynamic heating design :,
environment and the effect of protuberances are desErlb_.d in SlID 61-367.

Solar heating was assumed equal to 438 Btu/hr- F-ft . l'heinterstage _trut'ture
is addltlonally exposed to base heating during the first 30 seconds of S-JI

"_' boost. The base heating ral:es are those defined in the S-l[ I_nvlronmental I)ata

I Book (StD 61-473-i). Established structural temperature l Imlts are 235 F dur-
ing S-IC boost and 500 F for the interstage during the first 30 seconds of ,q-f[

• boost (because the interstage is not loaded and is sub,_equently dropped).

To maintain the structural _emperature limits on S-[I-4 through S-ll-15, the

following thermal protection was provided: external cork insulation (MBO130-
020 Type I) extended from Station -23 to Station 283 and internal skin and

frame surfaces were protected by Korotherm (MB0130-O74) insulation from

Station 0 to Station 77.5. Thls concept is illustrated in Figure 7.3.3.6-1.

The followlng material properties were assumed for the Korotherm insulation:

density of 55 Ib/ft 3, thermal conductivity of 0.12 Btu/hr-OF-ft, and specific

heat of 0,54 Btu/ib-°F. It was further assumed that the initial temperature

(at the beginning of S-IC boost) of the Korotherm-protected structure was 80 F.

These assumptions and material properties were used in a thermal analysis

, digital computer program to determine the transient temperature response of

/ the aft skirt and interstage structure. Detailed results of this analysis are

presented in Paragraph 7.3,6,1. Maximum temperatures of the structure on
S-ll-4 through S-II-15 were ca]culated to be 235 F or lower at the end of S-[C

boost and 460 F or lower during the first 3D seconds of S-If boost, indicating

that this insulation concept would provide the required thermal protection.

6.3.8.4 Structural Performance

Signlficant factors affecting the structural integrity of this insulation

I are identical to those glven for the RTV silicone rubber coating in
sysuem

Paragraph 6.3.7.4.
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s,,c,,E,11900 ¥ROMET 31 OCT66
KOROTHERM790-005
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4,_,,,, _....-_ T/C 3 & BACK
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Figure 6.3.8.2-5. Base Beating Test, Time/Temperature Curve -
Specimen i_mber 46
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_/ 6.3.8.5 Materials and Processes

a. Material: The ablative insulation _s silica-fll]ed Isocyanate resin.

b. Processes: The ablative coating is applied to the inner surface
(Figure 6.3.8.1-1) of the interstage structure in accordance with
MA0605-015.

i. Environment: The temperature of the area in which the ablative com-

pound is applied is maintained at 60 to 90 F, with a relative

humidity no more than 70 percent.

2. Surface Preparation: All primed surfaces are cleaned with solvent

(MB0210-O05) and wiped dry with cheesecloth. The maximum time

interval between surface preparation and application of the ablative
compound is 24 hours.

3. Preparation: Four parts by weight of Part A is mixed with one part by

i_i weight of Part B until homogeneous--the maximum batch not to exceed ,
5 pounds. When thinning is required, eight to ten parts by weight of

reagent-grade acetone is added to i00 parts by weight of mixed ablative

compound.

4. Application: The material is sprayed on with dry air having a maximum

i,_ _ dew point of 20 F and containing no more than three ppm oil in an even

cross-coat pattern.

5. Cure: Cure between coats is not required for thicknesses up to

0.030 inch. For thicknesses greater than 0.030 inch, 1/2 hour to

24 hours of air-dry is required between each 0.030-inch thickness.
The ablator must be cured at least 168 hours before stress is applied

or it is subjected to temperatures below 20 F or above 150 F. The
cured ablator must have a minimum Shore A hardness of 80 and be free

of blisters, sags, runs, streaks, and bare spots.

6.3.8.6 Manufacturing

a. Description: The interstage structure is cleaned thoroughly with a solvent.
The internal circumferential surface is sprayed with two coats of ablative

compound consisting of resin material filled with silica fibers and allowed

to cure between coatings. Rough spots are sanded and cavities spatula-
filled with ablative compound. See manufacturing breakdown

(Figure 6.3.8.6-1) for illustration of ablator application.

b. Tooling and Equipment: No special tooling is required; standard paint

...." spray equipment is used.

6.3.8.7 Quality Assurance

a. Raw _terial Validation (F_0605-015): The ablative coating material was

validated within 30 days of production use by testing for hardness and tape
adhesion properties, as established In MB0130-074.
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VIEW A-A

eINTERSTAGE WAS CLEANEB

eTWO COATS ABLATIVECOMPOUNDWERE APPLIEDTO THE INTERIORSURFACE

AT XB 000, XB 36.50,XB 77.50 AND XB118.50

Figure 6.3.8.6-1, Ablattv_ Coating.
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) b, Subassembly Process Control, MA0605=015 (Figures 6.3.8.1-1 and 6.3.8.1-2):

1. General: Routine controls were invoked relative to cleaning of the
painted interstate, environmental control during spray and cure oper-
ations, and mixing of the ablative compound for spraying.

2. Process Verification Coupons: Process verlficaticn test coupons were

fabricated simultaneously with application of the ablative compound to
the interstate. The coupons were representative of the same surface

preparation, storage, handling, open assembly time, and cure cycle of

the production assembly. Following complete cure, the adhesion of the

compound was verified by tape test defined in MB0130-074. In addition,

ablative compound castings were prepared for verification of proper
Shore "A" hardness.

c. Quality Verification of the Final Assembly:

, i. Visual Inspection: The insulated areas of the interstage were visually

_ inspected to verify the _tructure to be free of blisters, sags, runs,

streaks, or bare spots.
I

2. Thickness: Coating thickness was verified to be within drawing toler-

If: ance by the use of a Fischer Permascope.

.... _ 6.3.8.8 Repair and Maintenance

W
a. Repair: In-process rework of scratched or gouged ablative compound is

allowed. The damaged area is cleaned with MEK and filled with ablative

compound 0.02 inch above the surrounding compound. All other repairs

require full Material Review Board approval.

b. Maintenance: No special maintenance is required.

6._.8.9 Reliability

There was no failure mode effects analysis formulated at this component level

because of the absence of any obvious first-order failure modes. No relia-

bility information is available.

6.3.8.10 Safety

a. Fabrication and Installation: Ventilation must be provided during spraying

operations to reduce the isocyanate outgassed below a concentration of
0.02 ppm.

All electrical equipment must comply with California Electrical Safety
Orders or National Electric Code for Class II, Division I, environments.

J Housekeeping and area cleanliness must be emphasized to reduce fire
hazards and risk of contamination.

!

6-277

SD 72-SA-0157-I

O0000005-TSF06



_1=_ Space DivisionNorth American Rockwell

Protective clothing must be worn by personnel spraying Korotherm. This
clothing includes airline masks, coverall, gloves, and shoe covers.

Additional safety requiremc_._s are given in Paragraph 6.1.1.10. _;liq

b. Ablative Coating Use: Korothe_n is a passive system. Consequently, no

special precautions--other than surface protection, regular inspection, and

repair-are required during its use.

6.3.8.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are an indica-
tion of the installation complexity of the insulation system and are

derived from Manufacturing department records. These hours consist of

fabrication, installation, and assembly effort and indicate the insulation

system's relative cost. No data are available on the hours required per

square foot.

b. Schedule: The schedule flow times for this insulation system are as
..... _ follows:

J

Procurement - i0 weeks.

Subassembly - 0.

Installation - 3 weeks.

Checkout - O.

" c. Weight: The total as-installed weight is 1.81 Ib/ft 2. Korotherm

(MB0130-074) specific gravity - 0.88.
i

_, d. Thermal Performance: q is not applicable to this insulation because of

--_ varying S-II heat rates; PK is 6 58 Btu/ib/hr-°F-ft 4_I '

;_i_i, 6.4 OTHER INSULATION SYSTEM APPLICATIONS

Two speclal-purpose insulation systems are discussed in this section. They
are (I) a system of cork and MLI-fiberglass used to protect avionic equipment

containers and (2) a nylon fabrlc-plastlc film membrane seal used to isolate

an inaccessible Joint which is unlnsulated.

6.4.1 Thermal Protection for Avionic Equipment

6.4.1.1 Description

A cork thermal control system was used on S-If to maintain the ambient tempera-

ture inside the avionic equipment containers within specified limits. The

system consists of a passive insulation and an active gaseous purge. The

passive insulation serves a dual purpose. In conjunction with the warm gase--

ous purge, it provides low-temperature thermal protection during tanked i_
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ground-hold conditions and high-temperature protection from base heating during

S-II boost. The purge system also provides cooling capability during warm

ground checkout operations.

The passive insulation consists of adding sheet cork on the outside of the
container base and on the inside of the container sides and cover. The con-

cept (V7-540803) is show_ in Figures 6.4.1.1-1 and 6.4.1.1-2.

• An MLl-fiberglass thermal control system was proposed for the avionic equip-
ment containers on the INT-21 launch vehicle. In addition to providing

=i thermal protection during tanked ground hold and boost, this system provides
thermal protection during short-term orbital operations.J

_ The system consists of a fibrous glass material containing a silicone resin

_I binder with a fiberglass cover on the outside of the container base and MLIon the sides and cover inside. This concept is shown in Figures 6.4.1.1-1

and 6.4.1.1-3. Heaters are provided inside the containers for active thermal
_: control during orbital operations. Fiberglass spacers, CRES mounting brackets,

and special surface coatings also are utilized to maximize the efficiency of

' the passive thermal control system (SD 70-687).

6.4.1.2 Application _
t

a. Utilization: The electronic components and other equipment required for

vehicle operations and communications are generally grouped by system and
y enclosed in containers. Depending on the requirements of the electronic

components (see Section 5.0), the containers are insulated to provide

thermal protection from the environment, from adjacent radiative/absorptive

su::faces, and from space. Purge gas is directed through the containers for

dyaamic cooling or heating.

The cork system shown in Figures 6.4.1.1-1 and 6.4.].i-2 was used on the

S-II stage. The MLI and fibrous glass system shown in Figure 6.4.1.1-3
was proposed for the INT.-21 launch vehicle.

The difference between these two systems is reflected by the passive insu-

lation system, the first requiring protection for a short period on the

ground and in launch, and the second for extended periods in space. These

systems can be used for any similar application, depending on the avail-

ability of the purge gas.

b. Performance Characteristics: Performance of typical cork systems on the

first two S-II launch stages are shown in Table 6.4.1.2-1. Characteristics

for the HLI system proposed for INT-21 have not been developed.

c. System Limitations: The cork system was designed specifically for S-If

stage requirements including environments, energy release, and time of

operation. Limitations beyond these requirements must be based on the

material properties and availability of purge gas.

I
/
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Table 6.4.1.2_:. Cork Syn_am Performance Chnract_ri_tlc_
.......... I " ........" ............. i ............ J

Denign AS 501 AS_502

Llm_ l

(OF) En_lno End Engine, End
-- r Chill Bnnf_t dhl] ] Boot;tl

Elemen_ Max. / Mln. (OF) (nF) (°F) J (°F)

CN 2 Flow = Forward 40 34 42.0 _ 37.5 =

(;N2 Flow - Aft 37 31 32.5 = [ 34.0 =

GN 2 Temp. Forward I15 105 = - 102.0 =

GN 2 Temp. Aft 115 105 114.0 - i]1.0 -

Forward Container 220 140 0 63.0 60 60.0 63

Forward Container 223 140 -20 60.0 55 47.0 44

Aft Container 208 140 0 82.0 70 90.0 76

i: Aft Container 211 140 65 61.0 37 51.0 25

_ Similar limitations exist for an MLI system. In space the system must be

,i rotated toward the sun and away from space to insure temperature control

Li or adequate heating must be provided.

d Design Problems: No major design problems were encountered with the con-

tainer insulation on the S-II Development problems weresystem stage.
associated with selection of orifices to balance the purge flow among the
varlous containers.

e. Verification Tests: The system has been used on all S-II launches to date.

Performance has been satisfactory.

6.4.1.3 Thermal Performance

a. Cork: S-II stage avionics equipment is located in containers within the

engine compartment which are subjected to base heating throughout S-If
boost. These containers utilize bonded cork insulation on the inner sur-

face of the contaimers in order to limit the maximum internal wall temper-

ature. In addition, a maximum mounting base temperature of 125 F is

required for all containers. Bonded cork located within a flberglass

mounting base was employed where necessary to satisfy this requirement.

These containers are described in detail, including the density and thick-
i

hess of the cork employed on each container in Paragraph 7.3.4.1. The
detailed results of a thermal analysis of the adequacy of this insulation

:J_ system are also presented.

6-283

SD 72=SA-0157-1

................................ .. --_ .,. _. .... J --,'--_

........... ] '-"" II -/ i I ................. _-_ :'i| ]'_il"_ "_- = _=_"_----'£ • I i -i I i •

O0000005-TSF12



il Space DivisionNorlh Amencan Rockwell

The base heating rate_, convective and radiant, vary with tlme during S-II
boo_ as a function of: (i) th_ pre_onae of the aft interstage structure

during the flr_t 30 seconds of _II boo,t, and (2) the J-2 engine mixture

ratio whlca In reduced after 350 ueconds of S-ll boont. The heating rates

assumed in the thermal analysis are listed in Table 7.3.4.1-1.

The thermal properties of the 30-1b/ft 3 cork (MBOI30-020, Type i) assumed

were: thermal conduetlvlty equals 0,04 B=u/ft-hr-OF and spec_flc heat
equals 0.40 Btu/Ib-°F. The thermal properties of the 8-1b/ft = cork

(MB0130-020, Type II) assumed were: thermal conductivity equals 0.020 Btu/
ft-hr-°F at 0 F, 0.023 B_u/ft-hr-°F at 140 F, and 0.029 Btu/ft-hr-°F at

28? F, and 0.60 Btu/Ib-OF at 275 F.

These parameters served as input to a thermal analysis digital computer

program (Thermal Analyzer Program): For the worst-case base heating

environment, a one-englne-out boost, the interior surface temperature of

the cork within all except three containers was found to reach 240 F.

This was 40 F higher than the design requirement used in previous studies.

, A further analysis was therefore conducted to determine the effect on the

avionics components within these containers of allowing the internal con-

tainer wall temperature to increase to 240 F. The study, which assumed
that the avionics components are heated by radiation from the interior
surfaces of the container, indicated that a maximum internal wall temper-

ature of 240 F will not overheat the components. The largest temperature

'?' increase for any component was 18 F at the end of a one-engine-out boost,

assuming an In_tlal component temperature of 60 F. Therefore, the con-

tainer cork thickness specified in Paragraph 7.3.4.1 is adequate. .....

Of the remaining three containers, two have lower interior surface temper-

atures than 240 F and are therefore no problem. The cover of

Container 207A2, however, reaches a maximum interior wall temperature of

390 F. The radiant heat transfer to a typical component within this con-

tainer was calculated, assuming an interior cover temperature of 390 F.
The calculated rate was found to be 0.054 Btu/ft 2 which is low enough to

preclude damage to components. The study further showed that the maximum

mounting base temperature will be satisfied for all containers by the pre-

scribed insulation design.

b. MLI and Fibrous Glass/Silicone Resin Binder: To perform an INT-21 mission,

the S-If stage avionics components within the forward and aft equipment

containers must be capable of: (i) withstanding the prelaunch solar heat-

ing and the aerodynamic and base heating environments existing throughout

S-IC/S-II boost, and (2) operating for 24 hours in an orbital thermal

environment. The temperature of most of the avionics equipment in ques-
tion must be maintained within the range of 0 to 140 F. However, there

are a few control modules that have been qualified to operate in only a
O to 125 F environment.

It was determined based on thermal analyses (SD 70-687), that the avionics

components could be maintained within the above temperature limits by:

(I) modifying the existing S-II equipment containers, and (2) the addition
of electric heaters to some aft equipment containers.
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!i_,) Container modlflcatlons include replacing the current S-II aft equipment

container fiberglass covers with aluminum eover_ and applylng Z-93 white
inorganic thermal control coating to the external surface of the aluminum

covers. The Z-93 coating is required to obtain a relatively low ratio of

solar absorptivity (a) to _nfrared emissivity (_) of approximately 0.]6
while exposed to direct solar heating. Surface _oat|ngs required on other
external surfaces of the aft containers and on internal surfaces are

varied depending on solar heating and equipment heat dissipation, The

internal insulation on the cover and fiberglass walls is a combination of

Kapton and NRC-2. A layer of Kapton is required between the external wall

and NRC-2 because of its performance at elevated temperatures of approxi-

mately 270 F caused by Base heating experienced during S-If boost. NRC-2
is used for the remainder of the insulation blanket because of its lower

cost. TGISO00, a fibrous glass/sillcone resin binder, is used externally

underneath the aluminum honeycomb mounting base because it is more com-

patible with the present container design. Insulation thickness varied

between 1/8 and 1/2 inch depending on environmental conditions and equip-

. ment heating.

' The basic construction of the fiberglass forward containers was not altered

except for surface coating and insulation. Containers with high internal

' heat dissipations require Thermatrol white paint, with a high emissivity of
approximately 0.95, on external and internal surfaces to dissipate the

internal heat, while containers with low heat dissipations require aluminum

"_"" foll and aluminum silicone paint on external and internal surfaces, respec-

I_, tively, to minimize radiation heat transfer. Aluminum foll and aluminum
silicone paint have relatively low emissivities of approximately 0.i0 and

0.28, respectively. NRC-2 insulation is used internally on the covers and
walls of Containers 221, D and E, and TGI5000 is used underneath the base

of all containers except Container 223. Insulation thickness for the for-
ward containers also varies between 1/8 and 1/2 inch. Container 223

requires no thermal control modification since it is only required through
S-II boost.

The aerodynamic, solar, and base heating envlro_unents to which the avionics

equipment containers are exposed during the prelaunch period and throughout
S-IC and S-II boost was assumed to be the same environment experienced dur-

ing an LOR mlsslon.

The orbital thermal environments used in this study were generated utiliz-

ing the Space Vehicle Thermal Environment Program described in SD 69-507.

Based on this program, the incident orbital heat loads to each equipment
container was determined. To minimize the effect of solar heat input, a

surface coating (Z-93) w,th a low solar absorptivity (a) to infrared
emissivity (e) ratio is recommended for application on the external sur-
face of the thrust cone and the covers of the aft containers. The solar

absorptivity of Z-93 increases from 0.14 to 0.25 after 500 hours exposure
to 500 F but maintains a relatively low _/_ ratio of 0.27. Z-93 was

selected Jn preference to other coatings because of its resistance to

degradation due to base heating effects.

!
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The equipment containers located in the forward skirt area are not exposed

to base heating or direct solar radiation. Therefore, any high infrared

emittance coating is adequate 3or the surfaces of the containers containing

high heat-produclng equipment. The use of internal and external coatings
which provide high infrared emittance allows the container to dissipate

this high internal heat by radiation to the cool surface of the LH2 forward

dome and aft thrust cone. The thermal properties of the coatings and insu-
lations employed are contained in SD 70-687, and in Tables 7.3.4.1-5 and

7.3.4.1-7 of Paragraph 7.3.5.1. The study assumed that the orbital system

employs a vehicle attitude control system so as not to expose containers

with high equipment heat dissipations to high solar heating. For con-

tainers housing low heat-producing equipment and which are not exposed to
direct solar radiation, it is recommended that the container internal sur-

faces be Coated with high reflective coating and the exterior surface

Coated w_th a low emittance coating, thus minimizing the need for internal

electric heaters. The recommended coatings for the interior and exterior

surfaces of the forward and aft equipment containers are given in
Table 7.3.4.1-6.

" By locating high heat-dissipatlng equipment in containers which are exposed

to the least incident radiation (cold sides) and by the extensive use of

pasoive thermal control techniques (i.e., special coatings, use of honey-

comb mounting, etc), the need for active thermal control devices was mini-

mized. This effort consisted of individual application of passive control

"_ devices to each container based on its internal heat dissipation, incident _

orbital heating, and the prelaunch and launch environments. This approach :_
made it possible to eliminate the need for an active cooling system and to
minimize the need for electrical heaters. The incident orbital heating to

the containers varies depending on the orbital flight attitude chosen
(Y axis perpendicular to the orbit plane with nose forward in the direction

of flight, or a solar orientation with vehicle -Z axis to the sun) and on

the angle maintained between the orbit plane and the sun (_ angle). Both

flight attitudes and _ angles from 0 to 80 degrees were investigated. The
results are summarized in Table 7.3.4.1-4. Based on these studies, none

of the forward containers require electrical heaters. Aft Containers

206A31 B and C will require electrical heaters when orbiting in the design
(Y-POP) flight mode. For a -Z axis to the sun flight mode, aft

Containers 207 and B would require heaters. All heaters are designed with
thermal switches which activate them at 8 F and turn them off at I0 F.

6.4.1.4 Structural Performance

Significant factors affecting the structural integrity of this insulation sys-
tem are identical to those given for the cork insulation in Paragraph 6.1.8.4

and for the MLI given in Paragraph 6,1.10.4.
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"/ _.4.1o5 Materials and Processes

This discussion is limited to the application of cork insulation since no

_rocessing was developed for the use of multi-layer insulation.

,_o _laterials:

z. Cork (MBO130-020 Type II).

2. Silicone rubber, room-temperature vulcanizing (MBOI30-OI9).

3. Primer for silicone rubber (MB0125-038).

b. Process: The cork insulation details are fabricated in accordance with
#_0106-047 and bonded in accordance with MAOI06-031.

Io Material Storage and Handling: All materials are stored and handled
in accordance with the applicable specifications.

2. Surface Preparation: Faying surfaces on the in_erior of the fiber-

glass containers are abraded and solvent-wiped.
J

_ 3. Preparation of Flexible Epoxy-Polyamide Adhesive: The adhesive is

.... prepared as a two-component system. Just prior to bonding Parts A

and B are mixed thoroughly in a 50-50 weight ratio. The working life

of a lO0-gram mass of the activated adhesive is 1-1/2 to 2 hours
at 77 _ 5 F.

4. Where sheets of cork composition of a specific thickness are required

in dimensions larger than standard available sheet size, two or more

sheets may be bonded together using a butt, scarf, or half-lap joint

configuration and the above flexible epoxy-polyamide adhesive system.

5. Preforming: The cork composition is preformed to match the laying

surface in one of the following techniques.

(a) Simple Shapes: Preformed without fracturing the cork.

(I) The cork composition detail is placed in the tool and posi-

tive or vacuum bag pressure sufficient to establish and

maintain the required contour is applied. The assembly is
heated to 235 ± I0 F and maintained for 20 ± 5 minutes.

(2) The assembly is cooled to room temperature under pressure
before removing the cork detail.

(b) Complex Shapes: If the shape is sufficiently complex the cork
may fracture when bent at room temperature.

(I) The cork composition detail is placed in a preheated oven
i_ for 15 i 5 minutes at 235 i i0 F.
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(2) The detail is removed and immediately placed on a preheated _ c

(235 _ i0 F) restr_inlng fixture. Sufficient pressure is

applied to establish and maintain the required contour.

(3) The detail is cooled to room temperature before it is
removed from the fixture.

6. Application of Cork Sheet: A uniform film of adhesive (MB0130-042),

10-15 mils thick, is applied to each surface to be bonded, using brush
or spatula. Contact pressure of I psi minimum is maintained between

the mating parts for a minimum of 24 hours. The assembly is cured with

one of the procedures given in MA0106-038.

7. Moisture- and Fungus-Resistant Coating: All exposed surfaces of cork

are treated with a mois_are-resistant coating in accordance with
specification.

6.4.1.6 Manufacturing

!

a. Description: Cork lining for the inside and adjacent structure of equip-

ment containers was cut from sheet cork. Layouts of parts to be cut were

J placed on the cork on a work table. Knife cuts were mad_ using a straight-

edge for stralght-llne cuts and templates where irregular cuts were

required. Cork was bonded or mechanically attached. For mechanical

attachment, the cork was drilled from layouts. Fasteners were installed

and tightened to hold the cork in place, as was the case in the basic

structure under the honeycomb base. Cork surfaces to be bonded to struc- J
ture were coated with adhesive using a spatula. Pressure was applied

through the vacuum system during the cure cycl_. After the adhesive was

heat-cured, the rough spots and irregularities were sanded smooth. Any

pinholes or small cavities were filled with a sealer rubbed in with a hand

squeegee. When curing of the sealant was completed, the cork was sprayed

with two coats of fungus-reslstant chemical with sufficient drying time

between coatings.

The manufacturing flow and sequences are shown in Figure 6.4.1.6-1.

b. Tooling and Equipment: Tooling and equipment was similar to that
described in Paragraph 6.1.8.6.

6.4.1.7 Quality Assurance

Two thermal protection insulatlon systems for avionic equipment are described

In Paragraph 6.4.1.1. The basic insulation system consists of sheet cork
bonded to the structure. The secondary system employs MLI insulation in con-

Junction with the sheet cork. MLI with sheet cork did not reach production

status on the Saturu S-If program; hence, no formal quality assurance proce-

dures were established for this system. This section is therefore limited to

the quality assurance provisions for the application of sheet cork as shown

in Figures 6.4.1.1-1 and 6.4.1.1-2.

i
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• a• Raw Material Validation: Perishable raw materials are tested periodically
to verify continued conformance to specification requirements• See
Table 15.3.1.4-1 for the level of testing performed on raw materials

applicable to this design.

b. Subassembly Process Control:

1. General: Routine controls were invoked relative to surface prepara-
tion, primer application, catalyst addition, and cure times.

2. Process Verification Coupons: Metal-to-metal lap shear strength test

coupons were fabricated simultaneously with the production bonding
operations. A minimum lap shear strength of 50 psi was required.

c• Quality Verification of Final Assembly: Final acceptance was based on a

visual inspection for proper cure, fit, and overall conformance to drawing
requirements.

4_ 6.4 1.8 Repair and Maintenance

a. Repair: No standard repair procedures were developed.

b. Maintenance: All cork composition surfaces not subsequently protected with

.:'.' a fungus-resistant coating are treated with fungicide in accordance with
MA0106-047.

6.4.1.9 Reliabilityi .

_ There was no failure mode effects analysis formulated at this component level
because of the absence of any obvious first-order failure modes. No relia-

i bility information is available•

i
6.A.l.lO Safety

i_ I a. Cork: The safety considerations of cork insulatlonareglven in.... Paragraph 6.3.6.10.

b. MLI and Fibrous Glass/Silicone Eesln Binder: This insulation system is

conceptual only. Hazard analysis has not been conducted and insufficient

operational experience has been accumulated to formulate safety

requirements.

6.4.1.11 Design Effectiveness

a. Cost: The manufacturing direct labor hours per square foot are considered

to be an indication of the installation complexity of the insulation sys-

tem and are derived from internal Manufacturing department records• These

_ hours consist of fabrication, installation, and assembly effort and are an
indicator of its relatlve cost.• No data are available on the cost of this

system.

1!
i
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b. Schedule: The schedule flow times for this insulation system are as
follows:

Procurement - I0 weeks (cork), 14 weeks (NRC-2).

Subassembly - 0.

Installation - i week.
),

i#, Checkout - 0.

_ c. Weight: The total as-installed weights are:

!il 1. Cork System:

i_ (a) Cork, 0.25-1nch thick (MBOI30-120 Type 2) - 0,52.2 ib/ft 3

-_ (b) Adhesive (MB0120-008) - 0.031 ib/ft 2

;.... _ ' Total 0.553 Ib/ft 2 4

'_ 2. Fiberglass batting (TG15,000) - 0.062 ib/ft 2 !

3. Multi-layer insulation (NRC-2) - 0.115 ib/ft 2 i
f

6.4.2 Membrane Seal
_ru

6.4.2.1 Description

The membrane seal was used on the S-If in conjunction with the hellum-purged,

foe':-filled honeycomb insulation system described in Paragraph 6.1.1.1.

An inaccessible tangential junction area is formed at the forward skirt-

forward bulkhead interface of the S-II (V7-530049). Thls area would be diffi-

cult to insulate and impossible to leak check and repair without removing the

forward skirt. Consequently, the region is left uninsulated and isolated by

use of the membrane seal. During cryogenic operations, a helium purge pre-

vents cryopumping and provides a means of diluting, as well as detecting, any

hydrogen leakage. In addition, the membrane prevents the intrusion of water

into the cavity.

This concept con_¢sts of laminating a nylon fabric and gas-barrler plastic film
to form a membrane. This membrane is then installed between the forward skirt

structure and the insulation on the forward bulkhead (Figure 6.4.2.1-i).

It should be noted that a somewhat different system was used in conjunction

with the spray-on foam insulation (Paragraph 6.1.4.1). A polyurethane-coated

nylon fabric (debris barrier) of a similar configuration was installed in this

same location. This system provided a sealed barrier to liquid tater and a

helium purge during cryogenic operations. No provision for detection of hydro-

gen leakage was included in this system. Details of this design are shown on !

NR drawing V7-531122.
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6.4.2.2 Application

a. Utilization: Tanks for cryogenic vehicles generally include complex

structural Joints or interfaces that are difficult to insulate

(Paragraph 5.3.4.2). A Joint of this type exists on the S-II stage in
the area where the forward skirt is slipped down over the Juncture

between the forward bulkhead and upper sidewall cylinder. A membrane was
installed to retain hellum-purge gas within the Juncture volume at slight

positive pressure, thus providing thermal protectio_ as well as preventing
accidental intrusion of mechanical debris or water into the sensitive

juncture area.

Systems of this type can be utilized in any similar structural design for

ground installation as well as flight vehicles.

b. Performance Characteristics: Thermal performance of this system was not

measured on the S-II stage since it is a part of the total stage system.

• Performance as a purge barrier was acceptable. Repairs were required,

however, because its location at a low point in the forward skirt made it

susceptible to mechanical damage.

Performance as a barrier to large quantities of rain was enhanced by
application of a polyurethane solution.

'*_': c. System Limitations: The system is principally limited by the flexural
capability of the seal material at the cryogenic temperature. On the S-II

this was demonstrated by inflating and deflating the seal with nitrogen _'"
gas at -130 F (Reference 47).

d. Design Problems: Design problems and solutions are listed in
Table 6.4.2.2-1.

Table 6.4.2.2-1. Membrane Seal Design Problems and Solutions

Problem Solut ions

System difficult to bond due i. Adapt design to permit bonding of

to location major Joints prior to installation of
forward skirt; limit post _nstalla-
lion bonds to closeouts

2. Adapt design to utilize bolted sec-
tions where possible

Failure in fabric due to Orient fabric sections to proper direc-

flexure lion for structural integrity

Water permeates through seal Coat seal with polyurethane adhesive
solution
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e. Design Verification Tests: Laboratory tests (Reference 47) demonstrated

effectiveness of the seal material and coating against permeation of

nitrogen gas and against water seepage under two inches of hydrostatic

head. It also demonstrated acceptability to withstand structural flexlng
at -130 F.

6.4.2.3 Thermal Performance

The thermal performance of the membrane seal by itself has little meaning.

The area below the seal is closed off and may be filled wlth air, nitrogen,
or helium.

In any joint, especially one with the junction turned up, there is a ma3or

concern regarding collection of foreign material, water, and cryopumped gas.

These affect the mechanical strength and heat transfer of the area. The heat

transfer requirements are such that the area must be filled with helium. The

results of the analysis are provided in Paragraph 7.3.4.2 and are not repeated
here.

The heat transfer rate wlth the cryopumplng of alr into the J-jolnt area with-
out the membrane seal will be about 47,500 Btu/hr on the ground and about

6,000 Btu to the LH2 during S-II operation. When the membrane seal is
installed and the area filled with helium, cryopumping is prevented, the LOX

sensitivity problem Is eliminated, and the heat rate is reduced to

35,500 Btu/hr and 5,000 Btu during S-If operation.

6.4.2.4 Structural Performance

The significant factor affecting the structural integrity of the membrane seal

is the critical loading that occurs as a result of differential pressure
across the seal and the differences between diametrical deflections of tne for-

ward skirt and LH2 tank forward bulkhead. The bond between the membrane seal
and forward bulkhead must be sufficient to withstand these peeling stresses.

6.4.2.5 Material and Processes

a. Material:

!. Adhesive: Polyurethane resin system (MB0120-024).

2. Film: Polyvlnyl fluoride material (MB0130-024).

3. Fabric: Woven nylon cloth (MB0135-021).

b. Process: The _nstallatlon and fabrication of the membrane seal Is in

accordance with MA0605-013.

I. Environment: The temperature of the bonding and laminating is main-

tained at 60 to 90 F with a relative humidity of 70 percent or less.

I 2. Tooling: Laminating molds and working area are coated with polytetra-
_ fluoroethylene (TFE) or equivalent.
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3. Surface Preparation: All metal faylng surfaces are abraded with _'

Boartex pads followed by a solvent-wlpe in accordance with MA0110-010.
Organic faying surfaces are only solvent-wlped with MEK.

4. Application of Adhesive: All application of the polyurethane adhesive

must be completed within two hours after addition of the curing agent.

Pressure must be applied within three hours after mixing.

5. Fabrication of Detail Segments:

(a) Gas Barrier Film: The gas barrier fllm is thermo-vacuum formed

wrlnkle-free and without splice Joints at a temperature not
exceeding 400 F.

(b) Nylon Laminate: The gas barrier film is located and retained on

the laminating tool. The laying surfaces are then wiped with

MEK in accordance with MAOIIO-010. After the faylng surface is

cleaned, apply a uniform brush coat of polyurethane adhesive and

,, one ply nylon fabric are applied. An additional coat of poly-

...._' urethane adhesive is applied to the nylon laminate. A minimum

vacuum of 22 inches of mercury is applied and excess adhesive is

removed from the assembly. The assembly is cured at ambient

temperature (70 to 120 F) for 12 hours, then 4 hours at ]60 i i0 F
or 7 days at ambient temperature (7C F minimum) while maintalning

_ _ a vacuum of 22 inches of mercury• The vacuum may be removed
!:' after 24 hours• No stress is to be applied for seven days or

_ until production test specimens meet the design requirements .....

i_ 6. Bonding to LH2 Bulkhead: The faying surface and the area on the LH2
==i bulkhead is solvent-wiped with MEK. A brush coat of polyurethane

adhesive is applied to all joints and overlap of segments and cured

at ambient temperature with a contact pressure of 2-10 psi.

" 7. Installation to Forward Skirt: The membrane seal is first prefitted tG
the forward skirt• A uniform brush coat of polyurethane is applied to

all faylng surfaces and screws after being solvent-cleaned with MEK.

The seal Joint is assembled and screws installed and tightened until

resin squeezes out. The polyurethane adhesive is cured at ambient

temperature prior to pressurizing the membrane seal. Care must be
taken at time of installation to prevent folding, creasing, or inad-

vertent binding of the membrane to itself or other surfaces.

6.4.2.6 Manufacturing

.:. a. Description: The nylon resin impregnated seal (membrane seal) was

installed as a debris barrier between the forward bulkhead and the forward
skirt. Holes were drilled from the membrane seal retainer into the inter-

nal skirt structure, then bolted wlth mechanical fasteners. The retainer,

a C-sectlon channel, is basted with resin, then squeezed with screws to

form a sealed Joint.

i
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...... At the forward bulkhead a wet layup doubler seal was preflt and vacuum

pressure bonded over the membrane to assure a bonded seal. Upon temple=

tlon, the membrane assembly was proof-pressure-tested to verify proper
sealing of the bonded seal. Installation of the seal is shown in

Figure 6.4.2.6-1.
_, b. Tooling and Equipment: Tooling and equipment was similar to that

described in Paragraph 6.1.8.6.

:_ 6._.2.7 Quality Assurance

a. Raw Material Validation: Perishable raw materials are tested periodically
to verify continued conformance to specification requirements. See

Table 15.3.1.4-1 for the level of testing performed on raw materials

applicable to this design.

b. Subassembly Process Control (MA0605-013):

,_1 i. Visual Inspection: All production parts were visually inspected for

indication of improper cure, fractures, or other visible defects as
follows:

(a) There were no holes which penetrated through the laminate.

°'_:!:o (b) There were no delaminations, unbonded areas, or air pockets.

(c) The entire laminate was fully cured and tack-free.

(d) Starved areas were not allowed (defined as areas in which the

fabric was not uniformly impregnated with sufficient resin).

(e) Foreign objects or substances in the laminate that reduced the

serviceability of the part were not allowed.

(f) Wrinkles 0.012 inch or less in height were pennlssible immedi-

ately adjacent to sharp changes in contour.

(g) Excessive resin buildup in areas of sharp change in contour
could not exceed 0,015 inch in thickness.

2. Process Verification Coupons: Metal-to-metal lap shear strength test

coupons were fabricated simultaneously with the Joining of the detail

_egments and simultaneously with the bonding of the segments to the

forward LH 2 bulkhead. Test specimens were required to exhibit a
minimum strength of 500 psi.

c. Quality Verification of Final Assembly (MA0201-4264):

i. Proof Pressure and Grosq Leak Test: The membrane seal cavity was

pressurized with clean air or nltrogen to 0.4 - 0.5 psig and held

_ for 15 minutes. If leakage exceeded 150 see/second (0.32 scfm), the
- pressure was dropped to a mlnJmum of 0.3 pslg. If the leakage still
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{ exceeded 150 nee/second, the leaks were located by the bubble fluid
technique noeod in MA0615_003. The system wan repaired and rate,ted
until the noted leakage roqulromento were mac as a condition of final
acceptance.

6.4.2.8 Repair and Maintenance

No standard repair or maintenance procedures were developed,

6.4.2.9 Reliability

The failure mode analysis is presented in Table 6.4.2.9-1.

Table 6.4.2.9-1. FMEA-Membrane Seal

Component Failure Mode Mission Effect

.... Membrane Rupture Liquid nitrogen forms in the for-
' Seal ward bulkhead uninsulated area,

the heat tranFfer rate increases,

' LH 2 boiloff rate increases,
inability to detect hydrogen

leakage in the area,

6.4.2.10 Safety
t

a. Fabricatlott and Installation: Particular attention should be given to

cleaning the area below the membrane prior to its installation. Because
of the location between the forward skirt and the forward bulkhead, a trap

is made for loose equipment, chips, and debris that must be removed.

Care should be used during the installation of component parts of this

system to insure that no damage is done to components that have been

previously installed.

AdditJonal safety requirements are given in Paragraph 6.1.1.10.

b. Membrane Seal Use" The functional testing of the membrane seal will

include a proof-pressure test of 125 percent of the maximum operating

p:essure. The applied membrane is fragile and damage is easily incurred

after the installation is complete. The membrane must be protected when

'_ any work is in progress in the forward skirt area.

The helium purge gas should be verified to be free of contamination prior

to use. When used to insulate hydrogen tanks 2 percent oxygen in the

purge gas could combine with leaking hydrogen to form an explosive mixture.

Contamination of any gas with the helium would condense on tank surfaces

and solidify and block purge passages or provide a pressurizing source

}_ that could the membrane from the tank when the solidifiedseparate gases

warmed up and vaporized.
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The purge gas should be tntroducmd into the cavitio_ in quantities
sufficient to insure that negative pressure does not develop in the
honeycomb. Whett the sidewall is exposed to cryogenic temperatures the
purge gas will contract. A positive pressure is necessary to insure that
minute cracks or openings that are othorwi_e acceptable will not allow
condensable gases to be forced into the purge channels by atmospheric
presour_.

After each cryogenic exposure the membrane seal should be inspected for
damage. Any damage should be repaired and tested prior to another
cryogenic exposure.

Positive Protection must be given the forward skirt area to prevent water

from rain, condensation, or leakage draining down to the membrane seal.
Means must be provided to minimize any water from getting in the area and

for drying up the water that does get in.

6.4.2.11 Design Effectiveness

a. Cost: The manufacturi-g direct labor hours per square foot are considered

to be an indication of the installation complexity of the insulation sys-

tem and are derived from internal Manufacturing department records. These
hours consist of fabrication, installation, and assembly effort and are an
indicator of its relative cost. No data are available on costs for this

'_: system.

b. Schedule: The schedule flow times for this insulation system are
as follows:

Procurement - 8 weeks.

Subassembly - 5 weeks. ,

Installation - 1 week.

Checkout - 1 week.

c. Weight: The total as-lnstalled weight is 0.046 ib/ft 2 broken down as
follows:

i. Film (MB0130-024) - 0.0172 Ib/ft 2

2. Nylon (MB0135-021 Type II) - 0,0291 ib/ft 2

d. Thermal Performance: The Q of this system is 2000 Btu/hr/ft 2. The

conductlon coefficient of this system is 4 Btu/hr-ft2-OF.
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